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@ Active matrix light valve device. 

@ The present invention provides an improved 
structure of highly fine light valve device. 

On a quartz glass substrate 1, a monocrystal- 
line silicon thin film layer 2 is bonded thereto. 
Accordingly, the display elements and ancillary 
circuits can also be formed on the same sub- 
strate. Such circuits include an X driving circuit 
6 and a Y driving circuit 8 integrated by a very 
large scale Integration process, driving elec- 
trodes 5 of a matrix type for conducting signals 
outputted from the X and Y driving circuits 6» 8. 
a transistor 9 and a display pixel lectrod 10 
anrang d at a cross s ction of the driving lee- 
trodes 5, a control circuit 4 for supplying timing 
signals to the X and Y driving circuits 6, 8, a 



display data generating circuit 3 for generating 
display data in order to display an image, and 
further a light source element driving circuit 19 
for driving a light source element 

The present invention thus provides an 
improved enforced structure of the light valve 
device having high reliability which is conve- 
nient to use, of a very compact size, of high 
density and high accuracy. 

The device can be used to provide stereos- 
copic images when the elements driv n by th X 
driving circuits are latticed so that alt mat 
lements relat to the input imag s from "on 
ey '* and the other el m nts from the "other 
ey 
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An image proj ctor is also disclos d which 
includ s a iight valv c II having a high integra- 
tion density in ord r to achi ve highly accurate 
images. Moreover, th c 11 is provided with 
means for cooling so as to effectively obviate 
temperature rises. 
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Th pres nt invention r lates to activ matrix 
type light valv devic s, ster oscopic imag display 
devices and imag proj ctors. The activ matrix typ 
light valve devices use monocrystalline semiconduc- 
tor layers as an active region. The stereoscopic image 
display devices are capable of observing images from 
the light valve devices provided on both eyes to ob- 
tain stereoscopic vision. The image projectors are 
composed of a light source section, the light valve de- 
vice p and a projection optical system. 

Conventionally, compact type light valve devices 
have been used to display images as, for example, 
view finders of 8mm video cameras. The devices are 
made by depositing polycrystal or amorphous silicon 
thin films on transparent electrically insulating sut>- 
strates by vapour depositing or vapour phase epitaxy 
to form an individual- pixel switching element group 
and an X-Y electrode driving circuit group for driving 
each such switching element group by the thin film 
transistors. 

The genera] configuration of such a conventional 
active nrtatrix type liquid crystal display device is de- 
scribed with reference to figure 40. In the image dis- 
play device of this kind, one quartz glass substrate 
1001 and the other glass substrate 1012 are oppo- 
sitely arranged to each other and a liquid crystal layer 
1016 is sealed between the substrates. On a main 
surface of the quartz glass substrate 1001 Is formed 
a film of a silicon polycrystal semiconductor layer 
1002P, which constitutes an active region. A pixel ar- 
ray section 1017 and a peripheral circuit section are 
integrally formed on an inside surface of the quartz 
glass substrate 1001. The peripheral circuit section 
includes an X axis driving circuit 1006 and a Y driving 
circuit 1008. Matrix driving electrodes 1005 are 
formed on the pixel array section 1017 in the X axis 
and Y axis direction so as to orthogonally intersect, 
and pixel electrodes 1010 are formed on intersecting 
points thereof. A number of switching elements 1009 
are arranged each corresponding to a respective in- 
dividual pixel electrode 1010. The switching elements 
1009 are composed of thin film transistors (TFT) hav- 
ing the silicon polycrystal semiconductor layer 1002P 
as an active region. Drain electrodes thereof are con- 
nected to the corresponding pixel electrodes 1010 
and source electrodes thereof are eJectrically con- 
nected to the corresponding X axis matrix driving 
electrodes 1005. The gate electrodes thereof are 
electrically connected to the corresponding Y axis 
matrix driving electrode 1005. 

The Y axis driving circuit 1008 selectively scans 
the matrix driving electrodes 1 005 of the Y axis direc- 
tion in a linear sequence. The X axis driving circuit 
1006 is electrically connected to the matrix driving 
electrodes 1005 of the X axis direction and feeds dis- 
play signals to the pix lei ctrod s 1010 through th 
sel ct d switching el ments 1009. 

A polariser 1011 is bonded on an outer surface of 



the quartz glass substrate 1001. Acommon I ctrod 
1014 is formed entir ly on an inn r surface of th 
other glass substrate 1012. A colour filter with thr e 
original colours RGB is simultaneously formed for col- 

5 our display. A polariser 101 3 is bonded on outer sur- 
face of the glass substrate 1012. 

The substrate 1012 on the upper side Is bonded 
to the quartz glass substrate 1001 on the down side 
by a seal agent 1015. The seal agent 1015 is ar- 

10 ranged along a seal region 1018 shown by dotted 
lines. The seal region 1 01 8 is provided to embrace the 
pixel array section 1 01 7, the peripheral circuit section 
composed of the X driving circuit 1006 and Y driving 
circuit 1008 are positioned outside the seal region 

IS 1018. 

The amorphous silicon thin film and polycrystal 
silicon thin film are easily deposited on the glass sut>- 
strate by chemical vapour phase epitaxy or like pro- 
cedures. Thus, they are suitable for producing an ac- 

20 tive matrix type liquid crystal display device having a 
relatively large display. The transistor elements 
formed into the amorphous silicon thin film or the 
polycrystal silicon thin film are generally of a field ef- 
fect insulating gate type. The amorphous silicon thin 

25 film can be formed at a low temperature equal to or 
less than 350''C and therefore it is again suitable for 
a large-area liquid crystal panel. At present, displays 
included in active matrix type liquid crystal display de- 
vices using the amorphous silicon thin film which are 

30 commerical manufacture to a size of 7.62 to 25.4 x 
1 0-2 m the active nrtatrbc type liquid crystal display de- 
vice using the polycrystal silicon thin film is now pro- 
duced which includes display of a picture size approx- 
imately 5.08 X 10-2m (2 inches) in the market 

35 Although the conventtonal active matrix type liq- 

uid crystal display device using the amorphous silicon 
thin film or the polycrystal silicon thin film is suitable 
for direct- view type display devices using relatively 
large displays. It Is not always suitable for miniaturis- 

40 ing the devices and achieving a high density of pixels. 
Recently, microminiature type display devices or light 
valve devices with a microminiature structure with 
high density pixels are now increasingly in strong de- 
mand, rather than the direct-view type display de- 

45 vice. Such microminiature type light valve device is, 
for example, used as a primary image forming display 
of the image projector, and can be applied for the hi- 
vision projection type television. The application of 
the technique in producing fine semiconductors pro- 

50 vides the microminiature type light valve device hav- 
ing a pixel size in the orderof 10 |im and with an entire 
size of several centimeters. 

Some secondary problems arise in using the ac- 
tive matrix type liquid crystal display device as a light 

55 valve device of the projector. The drawbacks include 
damage of its light valv function du to temperature 
rise. In th projector, th light sourc intensively lights 
th transmission type liquid crystal display d vice to 
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project the transmitted light for wardly through an en- 
larged optical system. Such intensiv light from th 
light source is absorb d in th liquid crystal display 
device so as to cause temperature rises. Thus, if the 
temperature exceeds a critical point, the liquid crystal 
phase itself turns to be liquid and is not liquid crystal 
any more. 

The use of the active matrix type liquid crystal 
display device as a light valve device provides a fur- 
ther drawback In that there is a relatively low bright- 
ness of the projected image. This is because, the pix- 
el image accounts for relatively too small a ratio of 
space of the entire liquid crystal panel surface to pro- 
vide a sufficient opening ratio. This prevents bright- 
ness of the projected image from increasing because 
of low utilisation efficiency of the light. In addition, the 
polariser, which absorbs light, is generally bonded on 
the liquid crystal panel, and so thereby decreases the 
amount of transmitted light. Therefore, the use of the 
liquid crystal panel as a light valve device disadvan- 
tageously causes a lower utilisation efficiency of the 
light. 

Conventionally, the light source is used only for 
lighting the light valve device, and is not intended for 
other utilisations. The projector requires an intensive 
light source capable of a large amount of energy ra- 
diation. However most of such energy is lost useless- 
ly. Thus, a problem arises in that it is necessary to 
provide a large projector power supply. 

Using parallax of both eyes has conventionally 
been proposed to view images stereoscopically. For 
example, (1) a first proposal is to pick up separately, 
images for the left eye and right eye using two cam- 
eras. The images are projected alternatively on a 
monitor or a screen by switching from one image to 
the other Aliquid crystal shutterdevice is used to turn 
alternatively ON or OFF the left eye Image and the 
right eye image in synchronisation with the switching 
period of the projected images. Thus, the left eye 
watches the image prepared for the left eye and the 
right eye watches the Image prepared for the right eye 
so to view Images stereoscopically. (2) A second pro- 
posal is to arrange image display elements separately 
in front of both eyes to display different images for 
each of the both eyes. Thus, a method of stereoscop- 
ic viewing is provided. 

However, the conventional amorphous or poly- 
crystal silicon thin film hardly operates at a high 
speed because of its lower driving current due to its 
monocrystalline material. For example, mobility of 
the amorphous silicon thin film is about 1 cm^/Vsec 
and so this obviates any need for a high speed per- 
ipheral circuit to be formed on the same substrate. 
Moreover, it Is impossible to form a sub-micron order 
of transistor elements even by applying the micromi- 
niature semiconductor t chnique. When using poly- 
crystal silicon thin film, th crystal partici s ach 
have a size of approximately s veral ^m so as to cor- 



r spondingly limit the fin planning of the transistor 
el ments. Accordingly, in th conv ntional compact 
siz imag display devic s using polycrystal or amor- 
phous silicon thin films, it is extremely difficult to re- 

5 alise an integration density and high speed operation 
similar to those of the ordinary semiconductor inte- 
grated circuit elements. 

Transmission type panels, such as view finders, 
require light source elements. However, the active 

10 elements of these driving circuits need to be com- 
posed of discrete parts because of the requirements 
for a high voltage resistance and large driving current. 
Hence, it is difficult to produce an integrated unit as 
a display device containing light source elements, 

15 which is a problem in realising a compact size and 
convenience on utilisation. 

There are further limitattons on the electrical per- 
formance, in that it is impossible to assemble both the 
control circuit for supplying timing signals to the per- 

20 ipheral circuit section, for example the driving circuit, 
and the driving circuit for the light source elements to- 
gether on one substrate which is necessary for high 
speed operation. Also in view of the integration den- 
sity, the Increase in size prevents the other peripheral 

25 circuits from being incorporated therein. For this rea- 
son, In the present situation, it is impossible to assenr)- 
ble the peripheral circuit section, other than the pixel 
array section and the driving circuit group thereof on 
one substrate. 

30 In view of the conventional problems mentioned 

above, the present invention is directed to providing 
d is play elements for a compact size image display de- 
vice in which the switching elements for selectively 
supplying electricity to the respective pixels and a 

35 highly integrated high speed peripheral circuit are 
formed on one substrate. The peripheral circuit in- 
cluding a driving circuit capable of driving the light 
source elements with a high voltage resistance and 
large current. 

40 The present invention provides an improved rein- 

forced structure of the light valve device with high re- 
liability, high utility convenience, microstructure, high 
density and high accuracy by integrating the light 
source elements and the display elements into a uni- 

45 tary structure. In particular, another object Is to pro- 
vide a packaging construction of a light valve device 
which is of a compact size, solid, easy to handle, re- 
liable and provides light shielding, cooling, and is 
easy to assemble. Further, another object is to im- 

50 prove the image reproducing quality by preventing at- 
tenuation of the display signals. Still another object is 
to improve very fine images by saving display data 
transfer speed in the circuits by Increasing the nunv 
ber of matrix driving electrode groups correspondlng- 

55 ly. In addition, another object Is to provide fine and 
highly accurat display devices suitabi forvi wflnd- 

rs and the like by reducing of the outer siz s of th 
flat panels. 
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In th methods of ster oscopic view in th prior 
art as described abov , m thod (1) has a problem in 
tiring th eyesdu to flickering of the imag .m thod 
(2) requires display elements using the transparent 
substrate formed of the pixel array section and the 5 
driving circuit on the polycrystal silicon thin film. In 
view of the electrical performance, It is impossible to 
assemble both the control circuit for supplying timing 
signals to the peripheral circuit section (for example » 
the driving circuit) necessitating the high speed oper- io 
ation, and the driving circuit for the light source ele- 
ments together on the same substrate. In view of the 
integration density, the increase in size prevents the 
other peripheral circuits from being incorporating 
therein. For this reason, in the present situation, it Is is 
impossible to assemble the peripheral circuit section 
other than the pixel array section and the driving cir- 
cuit group thereof on one substrate. Hence, the per- 
ipheral circuits other than the driving circuits need to 
be formed with the external circuits. Moreover, image 20 
data generated by the external circuits and timing sig- 
nals, both must be connected by wires and this is In- 
convenient to handle and operate. 

In addition, space is required for disposing of light 
source elements for irradiating the display elements 25 
and the pixel array section of the display elements 
from the back-side thereof. This causes a problem of 
providing a construction. 

To solve the problems hereinbefore described, 
the present invention comprises at least a transparent 30 
electrically insulating substrate and a semiconductor 
monocrystalline thin film regulating a peripheral cir- 
cuit area arranged in at least a part of the substrate 
surface. A pixel array area is provided adjacent to the 
peripheral circuit area, a pixel electrode group and a as 
switching element group for selectively supplying 
electricity to each pixel electrode is also provided. 
The switching element group is driven by Xand Y driv- 
ing circuits. There are similarly included a control cir- 
cuit for supplying timing signals to the X and Y driving 40 
circuits, a display data generating circuit for generat- 
ing display data, and a receiving circuit for receiving 
Image data through radio communication. The periph- 
eral circuit and driving circuit switching element 
groups are integratedly formed, for example, using 45 
very large-scale integrated circuit (VLSI) manufactur- 
ing technique. 

To produce such a compact type image display 
device, for example, a high quality silicon monocrys- 
talline wafer ordinarily used for forming VLSI, is bond- 50 
ed on the transparent electrically insulating substrate. 
This wafer is mechanically or chemically abraded to 
produce a semiconductor thin film on an entire sur- 
face of the substrate. The semiconductor monocrys- 
talline thin film is selectively processed by VLSI pro- 55 
ducing techniqu s to form a first transpar nt sut>- 
strate. On this first transpar nt substrate is formed 
switching elem nts, X and Y driving circuits, a control 



circuit and a light source lement driving circuit for 
driving light source I ments. N xt, the s cond trans- 
par nt substrat composed of a transpar nt el ctri- 
cally insulating substrate is arranged with the com- 
mon electrode provided in the region opposed to the 
pixel array group formed on the first transparent sub- 
strate. The electro-optic material is sealed into a gap 
between the first and second substrates to constitute 
the display elements. Electro-luminescence ele- 
ments (EL element), fluorescence lamp elements (FL 
element) and the like as a light source element of the 
display elements are disposed on the backside of the 
display elements. This mounting on the inside pro- 
vides a tightiy sealed integral unit structure. 

According to one embodiment of the present in- 
vention, the display data generating circuit includes a 
RGB conversion circuit for converting composite vid- 
eo signals into RGB display signals and a synchron- 
ous separation circuit for separating synchronising 
signals from the composite video signals. The control 
circuit generates the timing signals depending on the 
synchronising signals. According to another embodi- 
ment, the driving circuit sectk>n includes two sets of 
X driving circuits and one set of Y driving circuits. The 
two sets of X driving circuits are arranged separately 
upper and lower relative to the pixel array section, 
and operated parallel to each other in accordance 
with the predetermined timing signals. On the other 
hand, the Y driving circuit, control circuit, and display 
data generating circuit are arranged separately on left 
and right to the pixel array section. According to an- 
other embodiment f the invention, the display data 
generating circuit includes an A/D converter circuit for 
converting analogue display signals temporarily into 
digital display data. The driving circuit section in- 
cludes a D/A converter circuit for re-converting the 
digital display data into the analogue display signals. 
According to still another embodiment the pairof sut>- 
strates are bonded to each other by a seal region pro- 
vided along the peripheral portion of the substrates. 
This seal region is arranged to overlap lively with the 
peripheral circuit section including the driving circuit 
section, the control circuit, the display data generat- 
ing circuit. 

The present invention is to provide an Improved 
structure of a light valve device with a microminiature 
size, high density and high accuracy. Particularly, an 
object is to provide the mount structure of the light 
valve device superior in size, solidity, handling, reli- 
ability, light shielding, cooling, and assembling and 
like factors. To achieve such objects, an IC package 
type monocrystalline semiconductor light valve de- 
vice has been invented. The light valve device accord- 
ing to the invention has an IC package structure in 
which light valve cells, connector terminals, and pack- 
ag memb rs are formed into a unitary shape. Th 
packag memb rs mbrac the light valv cells to n- 
hanc th m physically, and possess a structured por- 
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tion for shi Iding a window section matching to th 
pix I array s ction and the peripheral circuit section. 
Th connector t rminals hav on nd electrically 
connected to the peripheral circuit section of the light 
valve cells and the other end protruding from the 
package member. 

The package member may preferably be made of 
black moulded resin product, otherwise the package 
member may be formed of ceramic mould product. 
The window section of the package member is attach- 
ed in unitary shape with a protecting glass member. 
According to one embodiment of the present inven- 
tion, the package member has the same thickness as 
that of the light valve cell. The package member is 
provided on its external surface with heat radiating 
fins, or the window of package member Is attached 
with an Infrared ray filter for cutting heat rays. The In- 
frared ray filter is laminated sometimes on the polar- 
iser disposed apart from the light valve cell. According 
to another embodiment, the package member has a 
through hole to be a flow path of coolant. For a par- 
ticular embodiment, the package member is provided 
with a recess portion for detachably holding the light 
valve cell. 

The connector terminals are disposed In parallel 
with the light valve ceil and in a manner of protruding 
from the lateral end surface of the package member. 
Otherwise, the connector terminals may preferably 
be arranged in orthogonal to the light valve cell and 
in a manner of protruding from the main surface of the 
package member. 

An object of the present invention is to provide a 
projector light valve device having a high density and 
high accuracy with a compact size. In addition, an ob- 
ject Is to provide a cooling structure effectively sup- 
pressing temperature rise of the light valve device. 
Another object is to improve a lightness of the project- 
ing images. Further, an object Is to provide a possi- 
bility of effectively utilising light source energy. To 
achieve the objects, various counter measures are 
taken as undermentioned. The projector according to 
the Invention Includes as a basic constituent element 
a light source section, a light valve device, and a pro- 
jection optical system. The light valve device includes 
a pair of transparent substrates disposed opposlngly 
each other, and an electro-optic material arranged 
between the substrates. On one transparent sub- 
strate, a pixel array sectk>n and a peripheral circuit 
section for driving that section are provided. The 
other transparent substrate is provided thereon with 
a counter electrode. As a feature of the present inven- 
tion, the peripheral circuit section Is integratedly 
formed on the monocrystalllne semiconductor layer 
provided on the one transparent substrate. 

Preferably, the pixel array section Includes a pbc- 
el electrod group arranged in matrix shap and a 
switching element group for selectively pow r supply- 
ing to Individual pix I el ctrodes, and at least, one of 



th transparent substrates includes a light-reflectiv 
shield film forshi Iding individual switching elements 
from incid nt light Pr ferably, a solar cell is Integrally 
formed on the semiconductor layer to photoelectrical- 

5 ly convert incident light and to directiy supply a power 
supply voltage to the peripheral circuit section. More 
preferably, the light valve device includes a micro- 
lens array to converge the incident light and to selec- 
tively light the pixel electrode group contained In the 

10 pixel array section. The micro-lens array is adhered 
on one of the transparent substrates through a trans- 
parent adhesion layer having a smaller refractive in- 
dex compared therewith. In addition, the light valve 
device preferably Includes a cooling means, which 

15 concretely Is composed of a container for containing 
the light valve device, and provided with an inlet for 
introducing compressed gas and an outiet for dis- 
charging decompressed gas to cool the device by 
means of adiabatic expansion. Or, the cooling means 

20 includes a fan for sending cooling gas to the light 
valve device. Or, the cooling means is composed of 
the container for containing the light valve device and 
a cooling system connected to the container and for 
supplying cooling gas. The cooling system is provided 

25 with an automatic temperature control arrangement. 
A supply port and a discharge port of the cooling sys- 
tem are provided together on lateral surface of the 
container. 

In the display device as constructed above, a 

30 substrate with a double layered structure composed 
of an Insulating sut>strate and a semiconductor mono- 
crystalline thin film formed thereon is used and the 
semiconductor monocrystalllne thin film layer has the 
same quality as that of a wafer formed of semicon- 

35 ductor monocrystalllne bulk. Accordingly, the VLSI 
manufacturing technique is used to integrate switch- 
ing elements, and a driving circuit for driving the pixels 
and peripheral circuits such as a receiving circuit, at 
ordinary electric performance with a high density. 

40 high withstand voltage, and large current driving. In 
additk)n, the display elements and the light source 
elements are made unitary to produce a display de- 
vice which constitutes a stereoscopic vision display 
device for binocular, thus a wireless stereoscopic 

45 view image display device of a compact size can be 
provided. 

Further In this construction, a video signal proc- 
essing function and the like can be added to a fiat 
panel device and is suitable for a view finder and the 

50 like of the video cameras. The peripheral circuit enrv- 
ploys a digital type, and not the conventional analo- 
gue type. Thus, the analogue video signals are con- 
verted into the digital display data for data processing 
or data transfer, thereafter at a final stage, the digital 

55 display data is re-converted Into the analogue display 
signals to driv the pixel array s ction, henc an x- 
cell nt imag reproducibility is secured without at- 
tenuation of display signal. Th VLSI manufacturing 
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t chniqu is us d to parailely op rat using th driv- 
ing circuit as a split structur and to d creas driving 
frequ ncy, thus, cor r spondinglyth numb r of ma- 
trix driving electrodes can be increased to achieve 
highly accurate images. Moreover, the peripheral cir- 
cuit section is disposed on periphery of the pixel array 
section in the centre and the seal region is arranged 
so as to overlay the peripheral circuit section, there 
can be obtained a highly integrated multi-functional 
compact image display device in which a centre of the 
display picture Is substantially coincident with the 
centre of the flat panel. 

According to the present invention, the light valve 
cell is constituted using the monocrystalline semicon- 
ductor layer to integrate and form the peripheral cir- 
cuit section and the pixel array section into a unitary 
shape with a high density, thus a microminiature type 
highly precise light valve cell can be obtained. The 
light valve cell, the connector terminals, and the 
package member are integrally formed to provide an 
IC package construction. Therefore, as in the ordi- 
nary IC device, it is extremely easy to handle and is 
readily assembled into the circuit substrate and the 
like. In addition, a high grade of solidity, compact size, 
and reliability are provided because of mould prod- 
ucts, and moreover, a shielding effect and cooling ef- 
fect are given depending on requirement to be suit- 
able for the projector. 

According to the invention, the transparent sub- 
strate having the monocrystal semiconductor layer is 
used to form integration of the projector light valve de- 
vice. The peripheral circuit section for driving the pixel 
array section is integratedly formed on the monocrys- 
talline semiconductor layer. It is of course possible to 
form also the pixel array section on the monocrystal 
semiconductor layer. The monocrystalline semicon- 
ductor layer has a high uniformity of crystal and is 
thermally stable, thus processing at a high tempera- 
ture can freely be performed to produce the fine 
structure monocrystalline transistor element, simulta- 
neously since it has a larger carrier mobility com- 
pared to the polycrystal semiconductor layer or amor- 
phous semiconductor layer, the transistor element 
with a high speed response can be obtained. There- 
fore, compared to the conventional example, the pro- 
jector light valve device with a compact size, high per- 
formance, high density, and high accuracy is pro- 
duced. The video signal processing circuit and the 
like in addition to the driving circuit can be added to 
the peripheral circuit section according to the circum- 
stances. 

In addition to the foregoing basic operation, vari- 
ous devices are intended. For example, the light re- 
flection shielding film is formed on the transparent 
substrate for shielding the individual switching ele- 
ments from th incident light The light r fl ction 
shi Iding film not only prevents light I akage of 
switching el ments but also suppr ss s temp ratur 



ris ofth tight valve devic b caus ofrefl ctingth 
incid ntlight.Th solarc llisint grallyform donth 
monocrystallin s miconductor lay rtoenabi as If- 
sufficient power supply voltage and to intend effec- 

5 tive energy utilisation for the peripheral circuit section. 
The light valve device contains the micro-lens array, 
and only the pixel electrode portion is selectively 
lighted to improve a utilisation efficiency of the light 
from the light source. The light valve device includes 

10 the cooling means to effectively suppress tempera- 
ture rise. 

EmtKidiments of the present invention will now be 
described with reference to the accompanying draw- 
ings, of which: 

15 Figure 1 is a perspective view showing one em- 

bodiment of the present invention; 
Figure 2 Is a circuit diagram showing a further 
embodiment of the present invention; 
Figure 3 is a circuit diagram showing an embodl- 

20 ment of a light source element driving circuit; 

Figure 4 is a block diagram showing a television 
camera view finder assembled using a mono- 
crystalline semiconductor type image display de- 
vice according to the present invention; 

25 Figure 5 is a block diagram showing a concrete 

structural example of a display data generating 
circuit and a control circuit as shown in figure 4; 
Figure 6 is a block diagram showing an example 
of a first X driving circuit in figure 4; 

30 Figure 7 is a circuit diagram showing one embodi- 

ment of the present invention; 
Figure 8 shows a transmission circuit and a re- 
ceiving circuit; 

Figures 9(A) to 9(H) illustrate the process of pro- 
35 ducing the monocrystalline semiconductor type 

image display device according to the present In- 
vention; 

Figure 10 is a schematic sectional view showing 
a modification example of the monocrystalline 
40 semiconductortype image display device accord- 

ing to the present invention; 
Figure 11 is a sectional view showing an example 
of a light valve cell; 

Figures 12(A) to 12(E) illustrate the process of 
45 producing the light valve cell; 

Figure 13 is a schematic sectional view of a 
monocrystalline semiconductor type light valve 
device; 

Figures 14(A) to 14(E) illustrate the process of 
50 producing the monocrystalline semiconductor 

type light valve device; 

Figure 15 is a schematic sectional view of the 
monocrystalline semiconductor type light valve 
device Incorporated unitary with a solar cell; 
55 Figure 16 is an equivalent circuit diagram of the 

light valve device in f igur 5; 
Figure 17 is a p rspective view showing a solar 
cell incorporated into the light valv d vie infig- 
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ur 5; 

Figure 18 is a simplified view showing monocrys- 
tall in senniconductor type light valve d vie at- 
tached with a nnicro-lens array; 
Figure 19 is a sectional view showing a mono- 5 
crystalline semiconductor type light valve device 
attached with a micro-lens array as in figure 18; 
Figure 20 is a sectional view showing an embodi- 
ment of a compact-size image display device of 
the present invention; io 
Figure 21 Is a sectional view showing another 
emtK>diment of a compact-size image display de- 
vice of the present invention; 
Figure 22 is a sectional view showing a stereo- 
scopic image display device of the invention; is 
Figures 23(A) to 23(C) are schematic diagrams 
showing a basic construction of an IC package 
type monocrystalline semiconductor tight valve 
device according to the present invention; 
Figure 24 is a sectional view showing a first em- 20 
bodiment of an IC package type monocrystalline 
semiconductor light valve device; 
Figure 25 is a sectional view showing a second 
embodiment similarly; 

Figure 26 is a sectional view showing a third enn- 25 
bodiment similarly; 

Figure 27 is a sectional view showing a fourth 
emtKKJiment similarly; 

Figure 28 is a sectional view showing a fifth env 
bodiment similarly; 30 
Figure 29 is a sectional view showing a sixth em- 
bodiment similarly; 

Figure 30 is a sectional view showing a seventh 
embodiment similarly; 

Figures 31(A) and 31(B) are sectional views 35 
showing an eight embodiment similarly; 
Figure 32 is a perspective view showing a ninth 
embodiment similarly; 

Figure 33 is a schematic sectional view showing 
an optically addressed type light valve cell; 40 
Figure 34 is a sectional view showing a particular 
emtxxJimentof an IC package type monocrystal- 
line semiconductor light valve device of the pres- 
ent invention, where an optically addressed type 
light valve cell is incorporated together with a 45 
monocrystalline semiconductor light valve cell in 
figure 33; 

Figure 35 is a sectional view showing a projector 
monocrystalline semiconductor type light valve 
device including a cooling means; 50 
Figure 36 is similarly a schematic view showing 
a projector monocrystalline semiconductor type 
light valve device including a cooling means; 
Figure 37 is similarly a schematic view showing 
a projector monocrystalline semiconductor type 55 
light valv d vice including a cooling m ans; 
Figure 38 is similarly a schematic vi w showing 
a projector monocrystallin semiconductor typ 



light valve device including a cooling means; 
Figure 39 is a schematic view showing a basical 
structur of a projector which us s a monocrys- 
talline semiconductor type light valve device ac- 
cording to the present invention; and 
Figure 40 is an entire view showing one example 
of the conventional active matrix type liquid crys- 
tal display device. 

Figure 1 Is a perspective view of a compact type 
image display device for illustrating an embodiment 
according to the present invention. 

In figure 1 . a monocrystalline silicon thin film 2 is 
adhered on a quartz glass substrate 1. An X driving 
circu it 6 and a Y driving circuit 8 are formed on t he t h in 
film 2 into an Integrated circuit by VLSI processing. 
Each driving electrode 5 is formed In a matrix shape 
for introducing output signals of the X driving circuit 6 
and Y driving circuit 8. Transistors 9 and display in> 
age electrodes 10 are arranged at intersecting points 
of the driving electrodes 5 in matrbc shape. A control 
circuit 4 is provided for supplying timing signals to the 
X driving circuit 6 and Y driving circuit 8. A display data 
generating circuit 3 for generating display data for inrv 
age displaying is also provided. In addition, a light 
source element driving circuit 19 for driving light 
source elements is also provided. The configuration 
further comprises a first transparent substrate in 
which a polariser 11 is adhered on the backside of the 
quartz glass substrate 1, and a second transparent 
substrate in which a polariser 13 is adhered on the 
backs kJe of a glass substrate 12 provided with com- 
mon electrodes 14. A liquid crystal layer 16, which is 
provided between the first substrate and the second 
substrate, is sealed by a seal agent 1 5. The Y driving 
circuit 8 is disF>osed on the left-side to a pixel array 
section 17, the control circuit 4 and the display data 
generating circuit 3 are disposed on the right-side. 
Such respective arrangements are not, however, to 
be taken limitatlvely. 

In figure 1 , the display data generating circuit 3 
with an incorporated A/D conversion circuit inputs inn- 
aging signals of a CCD image pick-up device and the 
like for picking up an image of the object, and outputs 
display data for image displaying to the X driving cir- 
cuit 6. The control circuit 4 inputs horizontal synchron- 
isation signals and vertical synchronisation signals 
separated from composite signals from the CCD inv 
age pick-up device. 

The control circuit 4 receives horizontal syn- 
chronisation signals and vertical synchronisation sig- 
nals to output timing signals necessary for display to 
the X driving circuit 6 and the Y driving circuit 8. The 
X driving circuit 6, incorporates 4 bit display data conrv 
posed of A/D converted video signal from the display 
data generating circuit 3, which are sequentially shift- 
ed to an incorporat d 4 bit parallel shift regist r circuit 
in synchronisation with the timing signals of th con- 
trol circuit 4 (shift dock signals of display data). 
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Wh n the display data, corr spending to th 
amount of on tin is taken in, data corresponding to 
the amount of on line are latched by an incorporat d 
latch circuit using the timing signals (data latch sig- 
nals). The display data thus latched are converted 5 
into analogue signals by an incorporated D/A conver- 
sion circuit to be output to the source terminals of 
each transistor in the pixel array section 17. Simulta- 
neously, to select one scanning line, the Y driving cir- 
cuit 8 outputs selected voltages to one driving elec- io 
trode, to turn ON each gate of the transistors and to 
supply an output voltage of the X driving circuit 6 to 
the display pixel electrode. 

The liquid crystal layer 16 provides a pixel display 
with a variable density depending on the amplitude of is 
the voltage applied to the common electrode 14 and 
the display pixel electrode 10. Thus, the Y driving cir- 
cuit 8 and the X driving circuit 6 display the image sig- 
nals picked-up onto the image array section 1 7 by lin- 
early sequentially driving. It is understood that elec- 20 
tro-optic materials are not limited to liquid crystal, the 
foregoing and other fluid materials or solid materials 
can suitably be used therein. In this example, a pair 
of substrates 1 and 12 are used so as to constitute a 
flat panel construction and are formed of glass mate- 25 
rial and so is of a light transmission type. However, 
the present invention is not limited to the at>ove ex- 
ample notwithstanding, since at least one-side there- 
of may preferably be transparent. 

The liquid crystal layer 16 is sealed in a gap be- 30 
tween the first transparent substrate and the second 
transparent substrate by the seal agent 15. The seal 
agent 15 is made, for example, from bonding a resin 
of the ultraviolet hardening type, and is applied along 
a predetermined seal region 18 as shown by dotted 35 
lines. The seal region 18 is defined so as to overlap 
the peripheral circuit section embracing the pixel ar- 
ray section 1 7 positioned at the centre so as to enable 
a compact mounting on the flat panel. It is unneces- 
sary to provide any particular zone between the pixel 40 
array section and the peripheral circuit section as in 
the conventional example. Accordingly the surface 
area is reduced, and the pixel array section 17, which 
is positioned substantially at the centre of the quartz 
glass substrate 1 , can advantageously be assembled 45 
into the casing or housing. 

Figure 1 shows one example of the monocrystal- 
line semiconductor type light valve cell, however, the 
present invention is not limited to such examples. 
Generally, the nfK)nocrystalline semiconductor type so 
light valve cell is a light valve device of a compact type 
with high accuracy wherein the driving circuit, the 
other peripheral circuit section and the pixel array 
having the monocrystalline semiconductor layer as 
an active region are formed on one chip. The pixel ar- ss 
ray isofanactiv or simple matrix typ .Switching le- 
m nts of the activ matrix typ may use amorphous 
silicon transistors, polysilicon transistors, diodes and 



the lik in addition to monocrystalline silicon transis- 
tors, which ar provided corresponding to th pix I 
el ctrod s respectively. In th simpi matrix type, th 
pixel array is formed of only the pixel electrodes ar- 
ranged in an intersecting manner vertically and hori- 
zontally and without switching elements. In either of 
these cases, the monocrystalline semiconductor 
type light valve elements feature formation of the per- 
ipheral circuit section into the monocrystalline semi- 
conductor layer. 

Figure 2 shows one embodiment where a com- 
pact type image display device according to the pres- 
ent invention is applied to a view finder of an 8mm vid- 
eo camera. Figure 2 shows a configuration of a CCD 
image pickup device 27 as an element for picking up 
the object image. Image pickup signals of the CCD 
image pickup device 27 and a composite signal of vid- 
eo signals and the synchronisation signals. These 
signals are input into the synchronous separation cir- 
cuit 26 of the data signal generating circuit. The con- 
figuration comprises an A/D conversion circuit 25 for 
A/D conversion the video signals of the synchronous 
separation circuit 26, the control circuit 4 for generat- 
ing the timing signals for display, the X driving circuit 
6, the Y driving circuit 8, the light source element driv- 
ing circuit 1 9 for driving the pbcel array section 17 and 
a light source element 30. 

An operation of the device of figure 2 is now de- 
scribed. Composite signals CD from the CCD image 
pickup device are input into the synchronous separa- 
tion circuit 26 of the data signal generating circuit The 
synchronous separation circuit 26 outputs video sig- 
nals DT to the A/D conversbn circuit 25. The syn- 
chronous separation unit 26 outputs horizontal syn- 
chronisation signals HSYC, vertical synchronisation 
signals VSYC, and dock signals CK to the control cir- 
cuit 4. 

The clock signals CK are a reference dock signal 
generated when a PLL circuit (not shown) is inputted 
with the horizontal synchronisation signals. 

The A/D converter circuit 25 converts the video 
signal DT into the 4 bit digital signals to be outputted 
to the X driving circuit 6. The control circuit 4 gener- 
ates the timing signals (data shift dock signals CL2, 
data latch signals CL1 , frame signals FRM, and alter- 
nating-current-forming control signals M and like sig- 
nals) required for operating the X driving circuit 6 and 
the Y driving circuit 8. The X driving circuit 6 and the 
Y driving circuit 8 are operated by the timing signals 
of the control circuit 4 to display images on the pixel 
array section 1 7. An optical element 30, such as elec- 
troluminescence EL, is disposed on the back of the 
transparent pixel array section, and driven by the driv- 
ing circuit 19 for driving the light source element 30. 

Figure 3 shows one embodiment of the light 
sourc element driving circuit 1 9. In figure 3, the light 
sourc element driving circuit 1 9 connects a transfor- 
mer 31 and an 1 ctrolytic capacitor 37 to th light 
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source el ment driving circuit 1 9. The EL light source 
el m nt 30 is connected betw en t rminals T1 and 
T2 to produce oscillation by Inductanc L of th trans- 
fornner 31 and capacitance C of the EL light source 
element 30. The current variation arisen therefrom in- 
duces reverse phase voltage in a secondary coil. The 
Induced voltage is fed back to base of a transistor 32. 
Thus, the induced voltage is amplified and by the 
transistor 32 and its phase is inverted to operate for 
driving a load due to inductance L of the transformer 
and capacitance C of the EL light source element. 
Hence, an output voltage with a driving waveform of 
400 Hz at about 100 V is output across terminals T1 
and T2» and lights the EL light source element 30. 

Figure 4 is a block diagram showing an example 
wherein the monocrystalline semiconductor type im- 
age display device according to the present invention 
Is applied to view finders of the 8 mm video cameras. 
The monocrystalline semiconductor type image dis- 
play device is externally connected with a CCD ele- 
ment 1021 and a recording/reproducing circuit 1022. 
The CCD element 1 021 picks up the object image and 
outputs image signals D1 . The recording/reproducing 
circuit 1022 is provided for recording and reproducing 
the image pickup signals D1. 

The monocrystalline semiconductor type image 
display device comprises a display data generating 
circuit 1003» a control circuit 1004, a pair of X driving 
circuits 1006 and 1007. a Y driving circuit 1008, and 
a pixel array section 1017. The display generating cir- 
cuit 1003 generates display data required for display- 
ing pickup image information supplied from the CCD 
element 1021. The control circuit 1004 generates va- 
rious timing signals in accordance with a synchroni- 
satk)n signal obtained from the display data generat- 
ing circuit 1 003. The X driving circuits 1 006, 1 007 and 
the Y driving circuit 1008 feed a predetermined driv- 
ing voltage to a matrix driving electrode group of the 
pixel array section 1017 depending on the timing sig- 
nals. 

Colour filters of red (R), blue (B), green (G) are 
formed as a film on the common electrode of the pixel 
array section 101 7, for example, by electrode position 
or the like in order to match individual pixel electrodes 
and so as to achieve a colour display. The display 
data generating circuit 1003, the control circuit 1004, 
a pair of the X driving circuits 1006 and 1007, and the 
Y driving circuit 1008, and the pixel array section 
1017 are formed unitary on the same substrate to 
produce a circuit. 

The display data generating circuit 1 003 compris- 
es a sample hold circuit 1031, a low-pass filter 1032, 
a video signal processing circuit 1033, a timing pulse 
generating circuit 1034, a synchronisation signal gen- 
erating circuit 1035, a RGB converter circuit 1038, a 
data separation circuit 1039, a synchronisation sepa- 
ration circuit 1301, and a PLL circuit 1302. 

An operation of a vi w finder is now d scrib d re- 



ferring to f igur 4. A timing puis TP produc d by th 
timing pulse gen rating circuit 1034 is input into th 
CCD el m nt 1021 to cause the CCD I m nt 1021 
to output the pickup signals D1 as serial analogue 

5 data.. The sample-and-hold circuit 1 031 is positioned 
at an input stage of the display data generating circuit 
1003, and samples and holds the pickup signals D1 
depending on the sample-and-hold signals SP fed 
from the timing pulse generating circuit 1034. The 

10 sample-and-hold circuit 1031 takes out only a video 
signal D2 from waveforms of the pickup signals D1. 
to input it into the low-pass filter 1032 of the next 
stage. The low-pass filter 1032 eliminates clock noise 
due to the sample-and-hold signals SP, to input the 

15 video signals into the video signal processing circuit 
1033 of the next stage. The video signal processing 
circuit 1033 processes the video signals D3 in various 
ways. The processes include, for example, clamping, 
T correction, white clipping, blanking mbc, pedestal, 

20 and sink mix and the like. The synchronisation signal 
generating circuit 1035 divides the frequency of the 
clock signal CLK fed from the timing pulse generating 
circuit 1034 to produce synchronisation signals SYC, 
which are input to the video signal processing circuit 

25 1033. The video signal processing circuit 1033 com- 
bines the synchronisation signal SYC with the proc- 
essed video signals D3 to produce a desired compo- 
site video signal CBD, 

To record or display the object image picked up 

30 by the CCD element 1021 . a switch SW is turned ON. 
The composite video signals CDB are transferred to 
the recording/reproducing circuit 1022 and recorded 
on a magnetic tape or the like. To display the object 
image on the view finder, the composite video signals 

35 CBD are input into the RGB converter circuit 1036 to 
be separated into a brightness signal and a colour sig- 
nal. Thereafter, the signals are converted into RGB 
display signals and fed to the clamping circuit 1 037 of 
the next stage. The clamping circuit 1037 is provided 

40 for clamping a direct current level of the composite 
video signals CBD. RGB display signals D4 thus 
clamped, are converted into corresponding digital 
display data D5 by the A/D converter circuit 1 038. The 
digital display data D5 is split Into two by the data split 

45 circuit 1039. The respective display data D6, D7 are 
transferred to the first and second X driving circuits 
1006. 1007. 

The composite video signals CBD are also input 
to the synchronisation separation circuit 1301, which 

50 separates the horizontal synchronisation signals 
HSC and the vertical synchronisation VSC from the 
composite video signals CBD. The horizontal syn- 
chronisation signals HSC thus separated are input to 
the PLL circuit 1302, which outputs the reference 

55 clock signal CK. The reference clock signal CK, the 
horizontal synchronisation signals HSC, and th v rt- 
ica I synchronisation signals VSC ar input to th con- 
trol circuit 1004. In accordanc with th s synchron- 

10 
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isation signals, the control circuit 1004 generat s va- 
rious timing signals required for op rating th X driv- 
ing circuits 1 006. 1 007 and th Y driving circuit 1 008. 
These timing signals include data shift dock signals 
CL2. data latch signals CL1 , frame signals FRM, and 5 
alternating-current forming signals M and the like. 

The pair of driving circuits 1006, 1007 and the Y 
driving circuit 1008 are operated in accordance with 
these timing signals to reproduce and display colour 
images on t he pixel array section 1 01 7. A pair of the io 
X driving circuits 1006 and 1007, which are split and 
arranged over and under the pixel array section 1017, 
synchronously take two series of the display data D6 
and D7 separated by the data split circuit 1039. Ama- 
trix driving electrode group is formed by the connec- is 
tion of the pair of the upper and lower X driving circuit 
1006 and 1007 and the Y driving circuit 1008, by sig- 
nal lines which intersect orthogonally with gate lines. 
Among a plurality of the signal lines, odd- numbered 
lines are connected to the first X driving circuit 1 006. 20 
and even-numbered lines are connected to the sec- 
ond X driving circuit 1007. The switching elements 
positioned at each intersecting point in the nnatrix are 
electrically conducted. Thus, the desired signal vol- 
tage is applied to the corresponding pbcel electrodes 25 
to active the liquid crystal for an electro-optic effect 
and to display the image. To reproduce once recorded 
image data on the view finder, the switch SW is 
turned OFF, then the composite video signals CBD 
are supplied to the RGB converter circuit 1036 from 30 
the recording/reproducing circuit 1022. Therefore, a 
colour image can be reproduced and displayed on the 
pixel array section 1017 by the same operation as 
that in recording. 

Figure 5 Is a block diagram showing a conf igura- 35 
tion of the A/D converter circuit 1 038 and data split cir- 
cuit 1039 from the display data generating circuit 
1003 and control circuit 1004 all shown in figure 4. In 
figure 5 the A/D converter circuit 1038 is composed 
of three A/D converters 1381, 1382, 1383 corre- 40 
spending to RGB, the three primary colours, respec- 
tively. Each respective colour components of the ana- 
logue display signals D4 is converted into digital par- 
allel display data of 4 bits each. Symbols R, G. B are 
hereinafter used for discriminating the display data 45 
using a colour basis. The data split circuit 1039 In- 
cludes shift register circuits 1391, 1392, 1393 for 
shifting 4 bit parallel data R, G, B, a latch circuit 1 394 
for temporarily latching output of the shift register cir- 
cuit, switch circuits 1 395. 1 396, 1397 for sequentially so 
switching output of the latch circuit 1394, and a ring 
counter circuit 1401 for generating timing signals 
SP1 . SP2. SP3 in order to sequentially turn on these 
switch circuits. The control circuit 1 004 includes a hor- 
izontal data period detecting circuit 1405 for detecting 55 
an eff ctiv data period corresponding to one line, a 
V rtical data period d tecting circuit 1406 for det ct- 
ing an effective data period detecting circuit 1406 for 



det cting an effectiv data period of one frame, AND 
circuits 1407 and 1408, wav form shaping circuits 
1402 and 1403, and a 1/2 fr quency dividing circuit 
1404. 

An operation of these circuits is now explained 
with reference to figure 5. Depending on the horizon- 
tal synchronisation signals HSC and the reference 
clock signal CK, the horizontal data period detecting 
circuit 1405 outputs a control signal which is low dur- 
ing a horizontal blanking period and high during a dis- 
play data output period. The vertical data period de- 
tecting circuit 1406, which is input with the horizontal 
synchronisation signals HSC, and the vertical syn- 
chronisation signals VSC. outputs a control signal 
which is low during a vertical blanking period and high 
during a valid display data output period of one frame. 
The control signals obtained from the horizontal data 
period detecting circuit 1405 and the vertical data per- 
iod detecting circuit 1406 are input to the AND circuit 
1407, The output of AND circuit 1407 and the refer- 
ence clock signal CK are input to the A/D circuit 1408 
of the next stage. The output signal CP I of the AND 
circuits 1408, determines whether the RGB compo- 
nents of display signals D4. which are input to the A/D 
conversbn circuits 1381, 1382, 1383, are converted 
into 4 bit digital data respectively. If the digital data Is 
converted, then they are output to shifted by shift reg- 
ister circuits 1391, 1392, 1393 respectively. The out- 
put data of these shift register circuits 1391, 1392, 
1393 are input to the latch circuit 1394. 

The output signal CP 1 of the AND circuits 1408 
is 1/2 frequency-divided by a 1/2 frequency dividing 
circuit 1384 to provide output CP2. This frequency 
divided signal CP2 is input to the latch circuit 1394 as 
a latch signal. The output data of the latch circuit 1 394 
is input to the switch circuits 1395. 1396, 1397. 

The latch circuit 1 394 contains display data of R1 , 
R2, G1, G2, B1 , and B2 in sequence from right to left. 
This display data is transferred to three switch circuits 
1395, 1396, 1397 to rearrange the data in a predeter- 
mined order. R1 is stored in right-hand side of the first 
switch 1395 and G1 is stored in left-hand side of the 
same. B1 is stored in right-hand side of the second 
switch circuit 1396 and R2 Is stored in left-hand side 
of the same. G2 is stored in right-hand side of the 
third switch circuit 1397 and B2 is stored In left-hand 
side of the same. Suffbc numbers 1 and 2 attached on 
the RGB data represent the order in which the date 
is transferred to the shift registers respectively. The 
switch circuits 1395, 1396, 1397 are sequentially 
switched ON by gate signals SP1, SP2, SP3 fed from 
the ring counter circuit 1401 to output display data D6 
and D7 split into two. 

The reference clock signal CK Is frequency divid- 
ed by the frequency dividing circuit 1409 to output the 
clock signal CP3 which is f d to the ring counter cir- 
cuit 1401. Th display data D6 and D7 thus divid d is 
input to the first and s cond X driving circuits 1006 
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and 1007 to be s quentially shifted by pulses using 
the dividing dock signal CP3 as a shift clock signal 
CL2, thus th display data corresponding to on line 
is transferred. The split display data D6 is transferred 
to the first X driving circuit 1006 and includes R. B1. 
G2. The other split display data D7 is transferred to 
the second X driving circuit 1007 and includes G1, 
R2, B2. As is apparent from figure 5, this display data 
is split alternately Into an upper and a lower section. 
The display data thus transferred is latched by latch 
signals CL1 . The display data thus latched is convert- 
ed to the analogue display signals by an incorporated 
D/A converter circuit to output to a matrix driving elec- 
trode group. The latch signals CL1 are produced by 
the waveform shaping circuit 1402 into which the hor- 
izontal synchronisation signals HSC is input. The 
other waveform shaping circuit 1403 with an Input of 
the vertical synchronisation signals VSC generates 
frame signals FRM, which are fed to the Y driving cir- 
cuit to become starting data for the scanning signals. 
The frame signals FRM are 1/2-frequency-divided by 
the 1/2 frequency dividing circuit 1404 to become al- 
ternating-current inversion signals M and to control 
polarity inversion of the driving voltage applied to the 
liquid crystal. Hence, alternating-current driving is 
performed. 

As is apparent from the explanation above, the 
data of the analogue display signals D4 is transferred 
having been converted temporarily into digital display 
data by the A/D conversion circuit 1038. Accordingly, 
it is possible to effectively prevent attenuation of the 
signal components which may arise during data trans- 
fer. In addition, the display data is divided into two and 
fed to the pairof the X driving circuits 1006 and 1007. 
Thus, the frequency of the transfer dock can be re- 
duced by half compared to the conventional example. 

Figure 6 is a block diagram showing a configura- 
tion of the first X driving circuit 1006. The second X 
driving circuit 1007 also has a similar configuration. In 
figure 6, the X driving circuit 1006 comprises a 4 bit 
parallel shift register circuit 1061, a latch circuit 1062, 
and a D/A conversion circuit 1063. The 4 bit parallel 
data D6 thus input is sequentially shifted by the shift 
clock signals CL2. The frequency of the shift clock 
signals CL2 can be reduced by half as discussed 
above. Data corresponding to one line is transferred, 
then latched by the latch signals CL1. The data thus 
latched is level-converted. Thereafter, it is converted 
into the analogue display signals by the D/Aconver- 
sk>n circuit 1063 to output a driving voltage. The D/A 
conversion circuit 1063 uses a high voltage HV and a 
low voltage LV as a driving voltage source, and con- 
trols the analogue driving voltage polarity so as to in- 
vert the driving voltage depending on the polarity on 
the polarity inversion signals M. The polarity inver- 
ston signals M, aft r being I vel-conv rted, are ap- 
plied to th common el ctrod arranged on the oppo- 
sit substrat to driv the liquid crystal alter nativ ly. 



As mentioned abov ,th digital data is convert d into 
analogue signals at a final stage and th r aft r ap- 
plied to the liquid crystal layer. Thus, no att nuation 
arises at the signal transfer stage in the middle of the 

5 whole process. 

Figure 7 is a circuit diagram of one embodiment 
according to the present invention. In figure 7, 2020 
and 2021 represent CCD image pickup devices for 
photographing images for a right eye and a left eye re- 

10 spectively. 2022 and 2023 are VTR recording devices 
for recording image data of the image pickup devices. 
2024 is an image generating device such as a video 
disk for generating image data for the right eye and 
the left eye. 2025 is a switch for switching data for se- 
ts lecting one of the devices. 2026 and 2027 are modu- 
lators for converting the image data into signals ca- 
pable of being transmitted by radiowave RF or the 
tike. 2028 and 2029 are amplifier circuits for amplify- 
ing the RF modulator signals. 2030 and 2031 are re- 

20 ceiving circuits for receiving image signals which 
have been transmitted. 2032 and 2033 are display 
data generating circuits for converting the receiving 
signals to generating display data. 2034 and 2035 are 
driving circuits for driving pixel arrays sections 2036 

25 and 2037. 

An explanation will now be given when using the 
display elements 2036 and 2037 to obtain stereo- 
scopic images from image signals picked up by the 
CCD pickup device. When switch 2025 is connected 

30 to terminal S1, then the image signals for the right 
eye and the left eye are input to the RF modulators 
2026 and 2027. The image signals are mixed with a 
carrier wave by the RF modulators 2026 and 2027 
and are amplified by the amplifier circuits 2028 and 

35 2029 to transmit the image signals from an antenna 
(not shown). The image signals are received by an an- 
tenna (not shown) of the receiving circuits 2030 and 
2031. The image signals thus received are divided 
into colour data to generate display data by the dis- 

40 play data generating circuits 2032 and 2033. The dis- 
play data generated by the display data generating 
circuits 2032 and 2033 are input to the driving circuits 
2034 and 2035 to drive the image array sections 2036 
and 2037. Thus the image photographed by the CCD 

45 image pickup devices 2020 and 2021 are displayed 
on a pbcel array section for the right eye and on a pixel 
array section for the left eye respectively. As a con- 
sequence, a stereoscopic vision can be achieved. 
Figures 8(a) and 8(b) are circuit diagrams show- 

50 ing a transmission-side and a reception-side of a dis- 
play system for the right eye in the stereoscopic vi- 
sion display device. 

In figure 8(a). the RF modulator 2026 comprises; 
an amplifier circuit 2206 for amplifying image signals 

55 of the CCD image pickup device 2020, an AM modu- 
lating/mixing circuit 2207 for AM modulating th inn- 
age signals and mixing it with carri r wav signals, a 
carrier wav oscillating circuit 2208 for gen rating 
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carrier wav signals, an audio signal annplif i r circuit 
2202 for amplifying audio signals of a sound source 
2201 , a FM modulating circuit 2203 for FM modulating 
the audb signals, a FM modulating/mixing circuit 
2204 for mixing FM modulating signals of the FM 5 
modulating circuit 2203 with the carrier wave signals, 
a band filter circuit 2205 for band passing an output 
of the circuit 2204» and a mixing low-pass filter circuit 
2209 in which an output of the band filter circuit 2205 
and an output of the AM modulating/mixing circuit io 
2207 are mixed with each other and filtered so that 
only low frequency signals are passed. The output 
signals of the mixing/low-pass filter circuit 2209 are 
converted into image signals to be amplified by the 
RF amplifier circuit 2028 and transmitted through an is 
antenna 2221. 

In figure 8(b)p a tuning circuit 2210 of the receiv- 
ing circuit 2030 receives Image signals using a receiv- 
ing antenna 2222. The image signals received by the 
tuning circuit 2210 are input into a carrier wave signal 20 
processing circuit 2211. The image signals are ampli- 
fied, band-amplified, and Input Into a colour decoder 
circuit 2212, thus colour demodulation and colour ma- 
trix Is performed to output colour video signals. A col- 
our synchronisation circuit 2213 provides an oscilla- 25 
tion frequency to the carrier wave signal processing 
circuit 2211 and the colour decoder circuit 2212. The 
colour synchronisation circuit uses an output obtained 
by giving phase detection to burst signals and crystal 
controlled oscillation signals. Colour outputs of red, 30 
blue and green from the colour decoder circuit 2212 
are input into R-Y, B-Y, G-Y display data generating 
circuit 2214 and then the video signals are converted 
from analogue to digital. The output of the display 
data generating circuit 221 4 is thus a digital value and 35 
inputted to an X driving circuit 2219 which is convert- 
ed into analogue at each output stage to output a driv- 
ing voltage by an analogue amount and to drive the 
pixel array section 2220. 

A control circuit 2215 is provided for generating 40 
display timing signals, namely timing signals such as 
display data shift clock signals, frame signals, and 
data latch signals for driving a Y driving circuit 2218 
and the X driving circuit 2219; and alternating-current 
inversion signals for supplying alternating-current 45 
driving Inversion signals to the display data generat- 
ing circuit. The Y driving circuit 2218 in a linear se- 
quence scans and drives the Y axis driving electrode 
of the pixel array section 2220 to execute the image 
display. A light source element 2217 is arranged on so 
the back of the pixel array section and is driven by a 
light source element driving circuit 2216. The light 
source may comprise a fluorescent tube. 

The description will now turn to a method of pro- 
ducing the monocrystalline semiconductor type im- ss 
age display device according to the present Invention 
with ref re nee to figures 9(A) to 9(H). In ftgur 9(A), 
a quartz glass substrat 1101 and a silicon mono- 



crystallin semiconductor substrat 1102 are pre- 
pared. As th substrate 1102 is pr ferably of mono- 
crystallin silicon, a high quality of silicon wafer is 
used in the LSI production so that the crystal orien- 
tation thereof has a uniformity in a range of <100> 0.0 
± 1 .0 with a crystal lattice defect density equal to or 
less than 500 pieces cm^. First, a surface of the 
quartz glass substrate 1101 and a surface of the sil- 
icon monocrystalline semiconductor substrate 1102 
are precisely smoothed. Following this, both surfac- 
es, thus snnoothed are piled and heated to be thermo- 
compression- bonded to each other. Both the sub- 
strates 1101 and 1102 are securely fixed to this ther- 
mo-com press ion-bonding process. 

In figure 9(B), a surface of the silicon monocrys- 
talline semiconductor substrate is ground to a desired 
thickness to form a silicon monocrystalline semicon- 
ductor layer 1103 on the surface of the quartz glass 
substrate 1101. A two layered structured composite 
substrate remains which comprises the quartz glass 
substrate 11 01 eventually to become electrically insu- 
lating layers and the silicon monocrystalline semicon- 
ductor layer 1103. Instead of grinding, etching may be 
more preferable for obtaining the silicon monocrystal- 
line layer 1103. In this manner the thin film of silicon 
monocrystalline semiconductor layer 1103 n^intains 
the same quality of the silicon wafer so that the conrv 
posite substrate has an extremely high grade crystal 
orientation uniformity and lattice defect density. This 
is in contrast to the prior art where monocrystalline 
thin film is obtained by re-crystallizing the polycrystal 
silicon thin film and so is not suitable for LSI manu- 
facturing because of its increased lattice defects and 
non-uniformity of crystal orientation. 

In figure 9(C), the silicon monocrystalline semi- 
conductor layer 1103 is subject to thermal oxidation 
on its surface so as to deposit a silicon oxide film 1 1 04 
on the entire surface. On the silicon oxide film is de- 
posited a silicon nitride film 1105 by chemical vapour 
phase epitaxy. Further thereon a resist 1106 is coat- 
ed and patterned in a predetermined shape. The sil- 
icon nitride film 1105 and the silicon oxide film 1104 
are etched through the resist 1106 to leave only an 
element region. In figure 9(D), after the resist 1106 is 
removed, the silicon monocrystalline semiconductor 
layer 1103 is thermally oxidized using, as a mask, the 
silicon oxide film 1104 and the silicon nitride film 1105 
coating an element region, in order to form a field ox- 
ide film 1107. The silicon monocrystalline semicon- 
ductor layer 1103 remains in a region surrounded by 
the field oxide film 1107 to form the element region. 
The silicon oxide film 1104 and the silicon nitride film 
1105 which were used as a mask are removed. 

In figure 9(E), the thermal oxidation treatment Is 
again executed to form a gate oxide film 1 108 In the 
surface of th silicon monocrystallin semiconductor 
layer 1103. In figure 9(F), a polycrystalline silicon film 
is d posited by chemical vapour phase epitaxy. This 
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polycrystallin silicon film is selectively tched 
through a resist 1110, patt rn d in a predeternnined 
shap , to form a polycrystal line silicon gat el ctrode 
1109 on the gate oxide film 1108. 

In figure 9(G). after the resist 1110, is removed, s 
impurity arsenic is ion injected through the gate oxide 
film 1108 using the polycrystalline silicon gate elec- 
trode 1109 as a mask to form a source region 1111 
and a drain region 1112onthesilicon nrranocrystalline 
semiconductor layer. Consequently, on the lower io 
gate electrode 1109 a channel region 1113 is formed 
where the impurity arsenic is not injected between 
the source region 1111 and the drain region 1112. 

Finally in figure 9(H), a part of the gate oxide film 
1108 positioned on the source region is removed to is 
make a contact hole, to which a source electrode 1114 
is connected. Similarly, a part of the gate oxide film 
1 1 08 on the drain region is removed to make a contact 
hole, which is covered by forming a pixel electrode 
1115 thereon. The pixel electrode 1115 is composed 20 
of transparent conductive material made of indium tin 
oxide ITO for example. In addition, the field oxide film 
1107 disposed under the pixel electrode 1115 is also 
transparent. The quartz glass substrate 1101 ar- 
ranged further on under the field oxide film is also a 25 
transparent one. Thus, the three layered structure 
composed of the pixel electrode 1115. the field oxide 
film 1107. and the quartz glass substrate 1101 is opt- 
ically transparent. In the following process (not shown 
in figure 9), the common electrode is adhered to the 30 
opposite electrode on which the colour filter is 
formed, a liquid crystal layer is filled and sealed in a 
gap between the two to complete the monocrystalline 
semiconductor type image display device. 

In the embodiments explained, only the produc- 35 
tion of the TFT constituting the pixel switching ele- 
ments has been shown and described. However, at 
the same time as the TFT is formed, the TFT in the 
peripheral circuit section composed of the driving cir- 
cuit, the display data generating circuit, and the con- 40 
trol circuit etc. is also formed. The present invention 
features the peripheral circuit section formed in the 
monocrystalline semiconductor layer. Hence, the pbc- 
el switching elements can be formed, of course, in the 
monocrystalline semiconductor layer, but instead 45 
thereof, it can be formed partially of the polycrystal- 
line semiconductor thin film or the amorphous semi- 
conductor thin film. In the emt>odiment described, the 
opposite substrate overlaps the substrate on the sur- 
face of which the pixel array section and the periph- so 
eral circuit section is formed to constitute the display 
device. However, It is understood that the present in- 
vention is not limited to such configurations. Notwith- 
standing, the opposite substrate can be adhered to 
the flat back surface after the pixel array section and 55 
the peripheral circuits ctk>nhav be ntransf rredto 
the other substrates. 

In the embodiment d scrib d abov .the periph- 



eral circuit s ction in addition to th switching ele- 
m nts contained in the pix I array s ction has be n 
formed entirely of MOS transistors. However, d - 
pending on circumstances, it is preferable that MOS 
transistors and bipolar transistors are formed on one 
substrate to form a peripheral circuit section. Such a 
composite structure can be achieved when the mono- 
crystalline semiconductor layers are used. 

Figure 10 is a schematic sectional view where 
NPN bipolar transistors and N type MOS transistors 
are formed on one substrate. In figure 10, the silicon 
monocrystalline semiconductor layer 1103 is formed 
on a surface of the quartz glass substrate 1101 with 
electric insulation to form the composite substrate de- 
scribed. Aright half region thereof is formed on the N 
type MOS transistors, the left half region is formed on 
the NPN bipolar transistors. As is apparent from fig- 
ure 10, the NPN transistore and the N type MOS tran- 
sistors can simultaneously be formed. 

First, on a N-type silicon monocrystalline semi- 
conductor layer 1103 is provided a P-type base diffu- 
sion layer, in which an N+ type emitter (E) regk)n is 
formed. AP+ type base (B) region formed in the P-ty- 
pe base diffusion layer and is diffused and formed at 
the same time with a P well of the N type MOS tran- 
sistors in CMOS process. The N+ type emitter region 
can be formed at the same time as the N+ type 
source (S) region and the drain (D) region of the N 
type MOS transistors. 

Figure 11 is a schematic sectional view showing 
a structural example of the nnonocrystalline semicon- 
ductor type light valve cell. In figure 11, the light valve 
cell has a flat panel construction where an upper-side 
substrate 4041 and a lower-skle sut>strate 4042 are 
adhered by resin seal members 4043. Liquid crystal 
4044 is filled and sealed in a gap between the sub- 
strates 4041 and 4042. The opposite electrode 4045 
is formed entirely on an inner surface of the upper-si- 
de substrate 4041 . 

The lower-side substrate 4042 is a layered struc- 
ture, where from a lower-side are laminated an elec- 
tric insulation base member layer 4046, a bonding lay- 
er 4047. a protecting layer 4048, and an Insulation 
film layer 4049. A silicon monocrystalline semicon- 
ductor layer 4050 patterned in a predetermined 
shape is formed on the back surface of the transpar- 
ent insulation film layer 4049. This forms an active re- 
gion to provide switching elements 4051 composed of 
the insulation gate field effect type transistore. Pixel 
electrodes 4052. formed of transparent conductive 
films, are pattern on a portion where the silicon mono- 
crystalline semiconductor layer 4050 is removed. 

In addition there are wiring patterns 4053 for 
electrically connecting the switching elements 4051 
and the peripheral circuit (not shown) to each other. 
The wiring patterns xtend to a take-out el ctrod 
4054 formed on the front surface of the insulation film 
layer 4049. On a front-surface of th insulation film 
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layer 4049 is form d a shielding film 4055 pattern d 
corresponding to the switching lements 4051. As is 
apparent from figure 11 , th pres nt nrK>nocrystalline 
semiconductor type light valve cell is of a transfer type 
construction, where the pixel array section and the 5 
peripheral circuit section (not shown) are positioned 
on the back of the insulation film layer 4049. The 
present invention is not limited to such embodiments 
and it is of course apparent that the present invention 
can employ an ordinary construction in which the pix- io 
el array section and the like are formed on a front sur- 
face. In case of the transfer type, an exposed surface 
of the insulatk)n film layer 4049 becomes flat. This is 
convenient not only for cell assembling but also for us- 
ing the exposed surface as an electrode take-out re- is 
gion. 

Figures 12(A) to 12(E) are diagrams showing one 
example of a method of producing a transfer type light 
valve cell as shown in figure 11. First in figure 12(A), 
a composite substrate 4061 is prepared. The compo- 20 
site substrate 4061 has a structure formed by achiev- 
ing a silicon base member 4062 and a silicon mono- 
crystalline semiconductor layer 4063 to each other 
with an insulation film layer 4064. The silicon mono- 
crystalline semiconductor layer 4063 is adhered to a 25 
silicon bulk wafer generally used for LSI device man- 
ufecturing processes and thereafter ground and etch- 
ed, to produce a thin film. Such a construction has the 
same high quality as that of the silicon bulk wafer. 

Next, an IC process is performed in figure 12(B). 30 
The switching elements and the peripheral circuit sec- 
tion are simultaneously and unitarily integrated and 
formed. In figure 12(B), only the switching elements 
are shown. The silicon monocrystalline semiconduc- 
tor layer 4063 is patterned in a predetermined shape 35 
and used as an active region to form switching ele- 
ments 4065. The pixel electrodes 4066 patterned in 
a predetermined shape provided on an area where 
the silicon monocrystalline semiconductor layer 4063 
is removed. For passivation, the above is coated with 40 
a protecting layer 4067 composed of silicon dioxide 
and the like. In figure 12(C), a glass substrate 4069 
Is adhered to the protecting layer through a bonding 
layer 4068 formed of silicon dioxide paste etc. In fig- 
ure 12(D), the lower silicon base member 4062 is re- 45 
moved by etching and the underside of the insulation 
film layer 4064 is entirely exposed. In this way, the 
pixel array section and the peripheral circuit section 
are transferred to the glass substrate 4069 from the 
initial silicon base member 4062. Finally, in figure 50 
12(E), a light shield film 4070 is patterned in a prede- 
termined shape on the lower surface of the exposed 
insulation film layer 4064 to shield the switching ele- 
ments 4063 from any external incident light. An oppo- 
site substrate 4072 is adhered to the insulation film ss 
layer through a resin seal m mb r 4071 , and a liquid 
crystal lay r 4073 is fill d and sealed in a gap be- 
tween th two to complete a monocrystalline semi- 



conductor typ light valv c II. 

Figure 13 is a sectional view showing a structural 
xample of th monocrystalline s miconductor typ 
light valve. The light valve has a flat panel construc- 
tion formed by bonding one transparent substrate 
5021 to the other transparent substrate 5022 with a 
predetermined gap between the substrates. A liqukj 
crystal layer 5028 is filled and sealed in the gap. Such 
gap is sealed by a resin seal 5029. The lower trans- 
parent substrate 5022 is composed, for example, of 
glass plates and the like, and on the inside surface 
thereof is formed entirely an opposite electrode 5030. 
An outer surface is adhered with a polariser 5031. 

The upper transparent substrate 5021 is of a 
layered structure. On the lowest layer thereof is posi- 
tioned a transparent insulation film 5032, on which 
are integrally formed the pixel electrode 5022, switch- 
ing elements 5023 and peripheral circuits (not shown) 
such as an X driver and Y driver and the like. Different 
from the ordinary construction, the present light valve 
is of a transfer type: a method of producing it will be 
described in detail later. 

The present invention is not limited to the transfer 
type light valve. The invention can be an ordinary con- 
figuration where the pixel array section and the per- 
ipheral circuits are formed on the substrate surface. 

The switching element 5023 is composed of an 
insulated gate electric field effect type transistor in 
which a silicon monocrystalline semiconductor layer 
5033 is patterned in a predetermined shape and is 
used as an active region. A drain electrode thereof is 
connected to the corresponding pixel electrode 5022, 
a gate electrode 5034 is arranged on a channel form- 
ing region of the transistor through the gate insulation 
film. A wiring pattern 5035, composed of aluminium or 
the like, is formed on the transparent insulation film 
5032. This wiring pattern 5035 is electrically connect- 
ed to the source electrode of the switching element 
5023, and it is further connected to a pad take-out 
section 5036. The wiring pattern 5035 is also electri- 
cally connected to the peripheral circuit section, 
though not shown. 

On a surface of the transparent insulatk)n film 
5032 Is formed a protecting film 5037. Further there- 
on a glass base member 5039 is bonded through a 
bonding agent layer 5038, thereby preventing dam- 
age due to mechanical stress. Still further adhered 
thereon is a polariser 5040. 

Ashielding film 5041 is pattern through the trans- 
parent insulation film 5032 so as to match the switch- 
ing element 5023. The shielding film 5041 shields in- 
cident light, to prevent the switching element 5023 
from maloperation. and simultaneously to suppress 
any light leakage current The shielding film 5041 is 
coated not only on the switching element but also on 
the peripheral circuit section. Th shi Iding film 5041 
is mad of.forexampi .aluminium or silver or th lik 
and is reflective. Ther for , wh n it is incorporated in 
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the proj ctor, th light from th source is r fl ct d, 
and not absorbed. For this reason, heating du to light 
adsorption is suppressed and th temperatur ris of 
the light valve is also suppressed effectively. 

In this example, an additional light reflective 5 
shielding film 5042 is pattern in an interface between 
the bonding member layer 5038 and the glass base 
member 5039 to substantially shield the switching 
element 5023 completely from the light at the upper 
and the lower side and to further prevent any temper- io 
ature rise. 

As hereinbefore described, since the switching 
element 5023 is formed into the silicon monocrystal- 
line semiconductor layer 5033 having an extremely 
high carrier mobility, this provides the light valve ca- is 
pable of high speed signal-response. The peripheral 
circuits, such as X driver and Y driver and the like, can 
be formed into one silicon monocrystalline semicon- 
ductor layer together with the switching elements 
5023, thus a light valve with a high performance can 20 
be obtained. In this embodiment, a pair of polarisers 
5031 , 5040 are used. However, if an electrooptic ma- 
terial such as a polymer diffusion type liquid crystal 
in which the liquid crystal is diffused into high polymer 
material, is used instead of nematic liquid crystal hav- 25 
ing an ordinary twist alignment, then it is unneces- 
sary to use the polarisers. 

A method of producing the monocrystalline sem- 
iconductor type light valve according to the present 
invention is described in detail referring to figures 30 
14(A) to 14(E). In figure 14(A), a composite substrate 
having a predetermined layered structure is pre- 
pared. This structure has a thin film silicon monocrys- 
talline semiconductor layer 5053 adhered on a silicon 
substrate 5051 through a transparent insulation film 35 
5052 made of silicon dioxide. The silicon substrate 
5051 is provided in order to maintain mechanical 
strength when the monocrystalline semiconductor 
layer 5053 is ground or etched. 

An IC process is performed in figure 14(B). The 40 
silicon monocrystalline semiconductor layer 5053 is 
patterned in a predetermined shape to provide an ele- 
ment region. The IC process is applied to the element 
region to integrate and form insulated gate field effect 
type transistors constituting switching elements 5054, 45 
or X driver, Y driver or the like at the periphery. As a 
result of selectively removing the silicon monocrystal- 
line semiconductor layer 5053, the transparent con- 
ductive film such as ITO is patterned on an exposed 
surface portion of the transparent insulation film 5052 so 
to provide a pixel electrode 5055. Finally, the entire 
substrate is coated with a protecting film 5056. 

In figure 14(C), a glass substrate 5058 Is adhered 
to the at>ove through a bonding agent layer 5057 
made of silicon dioxide. At this step, a light reflective ss 
shi Iding film 5059 is previously pattern d on a bond- 
ing-side interface of the glass substrat 5058 so as 
to match switching element 5054. In figure 14(D), th 



silicon substrate 5051 is ntirely removed by etching, 
to expos th back surface of th transpar nt insula- 
tion film 5052. In this manner, th pixel array section 
including the switching elements 5054, pixel electro- 
des 5055 etc and the peripheral circuit section (not 
shown) are transferred to the glass substrate 5058 
from the silicon substrate 5051. 

In figure 14(E), a liquid crystal cell is assembled. 
Alight reflective shielding film 5060 is patterned on an 
exposed surface of the transparent insulation film 
5052 so as to match with the switching element 5054. 
Next, an opposite glass substrate 5062 is adhered 
thereon through a resin seal member 5061. Finally, a 
liquid crystal layer is filled and sealed into a gap pro- 
vided between the opposite glass substrate 5062 and 
the transparent insulation film 5052. An opposite 
electrode (not shown) is previously formed on the in- 
side surface of the opposite glass substrate 5062. 
Colour filters are also layered depending upon cir- 
cumstances. In the transfer construction described 
above, since the liqukl crystal cell is assembled on 
the extremely flat exposed surface of the transparent 
insulatk)n film 5052. one can obtain a liquid crystal 
panel having an improved uniformityof alignment and 
gap. The exposed flat surface is simultaneously used 
to easily form a circuit wiring pattern. 

Figure 15 is a schematic sectional view showing 
a second embodiment of the monocrystalline semi- 
conductor type light valve according to the present in- 
vention, showing the example of one incorporated 
with a solar celt. For easier understanding of figure 
15, a liquid crystal cell and an opposite substrate are 
omitted from figure 15. A substrate, which Is used for 
the present light valve has a layered structure, in 
which a transparent insulation film 5071, a silicon 
monocrystalline semiconductor layer 5072, a bonding 
agent layer 5073, and a glass base member 5074 are 
sequentially layered. The present example is also of 
a transfer type, where the pbcel array section and the 
peripheral circuit section (not shown) are unitarily 
formed on the silicon monocrystalline semiconductor 
layer 5072. Furthermore, the present embodiment 
features solar cells 5075 which are composed of PN 
junction diodes and formed on the silicon monocrys- 
talline semiconductor layer 5072 together with the 
above. A plurality of solar cells 5075 are prepared and 
respectively insulated against each other by element 
separating zones 5076 made of silicon dioxide etc. 
Thus, the solar cells 5075 can be connected in series, 
and It is p>osslble to directly take out an output voltage 
of a required level. To connect the respective solar 
cells 5075 with each other, metal lines 5077 are pat- 
terned and provided on the element separating zones 
5076. An incident light from the light source section 
(not shown) is received by the solar cells 5075 and 
photo-convert d to produc a desired electromotiv 
force. 

Figure 16 is an equival nt circuit diagram of a 
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structure shown in figure 15 in whicli the solar c lis 
5075, form d oft h PN junction diodes, ar connect- 
d in s ries with ach oth r by th pr det rnnin d 
number of pieces. An electromotive force of one solar 
cell is, for example, 0.7 V, and if 25 to 30 pieces of the 5 
cells are connected in series, one can obtain directly 
a power supply voltage of 15 to 20 V. A constant vol- 
tage regulator circuit 5078 is connected to both ends 
of the serially connected solar cells. A voltage detect- 
ing circuit 5079 is combined with a voltage regulating io 
circuit 5080. These circuits can also be integrated into 
the silicon monocrystaliine semiconductor layer. Fur- 
thermore, at both ends of the serially connected sotar 
cells 5075. a protecting zener diode 5081 and a sta- 
biliser capacitor 5082 are connected In parallel. Final- 15 
ly, a peripheral circuit 5083 of the monocrystaliine 
semiconductor type light valve Is connected inside to 
both ends of the stabiliser capacitor 5082 to receive 
the power supply voltage. In this embodiment, light 
from the light source is photoconverted, to self-supply 20 
the power supply voltage for the light valve, and im- 
prove the energy utilisation efficiency. 

Figure 17 is a schematic view showing a pattern 
of the individual solar cells formed on the silicon 
monocrystaliine semiconductor layer. In figure 17, a 25 
P type region and an N type region are disposed in a 
tooth comb shape to contact at a larger area thereof. 
The electrodes are provided along the tooth comb 
pattern. The element separation zones are provided 
by partial oxtdatton of the silicon monocrystaliine 30 
semiconductor layer to completely separate the solar 
cells, thus enabling the series connection. 

Figure 18 is a schematic sectional view showing 
a third embodiment of the monocrystaliine semicon- 
ductor type light valve according to the present inven- 35 
tion. A micro-lens array 5092 is loaded adjacent to a 
light valve 5091. For easier understanding of the light 
valve 5091 , figure 18 schematically shows a non-pix- 
el section 5094 shielded by a light reflective shielding 
film 5093 and a pixel section 5095 where pixel elec- 40 
trodes are positioned. Individual micro-lenses 5096 
contained in a micro-lens array 5092 are provided so 
as to match the pixel section 5095. Light incidentfrom 
a light source (not shown) on an entire surface of the 
micro-lens array 5092 is converged by the respective 45 
micro-lenses 5096, and selectively irradiates only the 
pixel section 5095. Therefore, the light from the light 
source becomes an effective light flux to irradiate the 
entire pixel section 5095, and do not irradiate the non- 
pixel section 5094. Thus, brightness of the projected so 
image is remarkably improved. In such a construc- 
tion, the amount of light absorbed by the light valve 
5091 decreases corresponding to the increase in the 
amount of transmitted light. Thus, temperature rises 
can be prevented effectively. 55 

Figure 19 is a schematic diagram showing a 
modifi d example of th third mbodiment as shown 
in figure 18, wh r this has basically the same con- 



struction. For asi r understanding, th correspond- 
ing r fer nee numerals ar given to the correspond- 
ing parts as those in figure 18. Th difference in fig- 
ure 19 is that a transparent bonding layer 5098 is pro- 
vided between the micro-lens array 5092 and the 
substrate 5097 of the light valve 5091. The transpar- 
ent bonding layer 5098 has a smaller refractive index 
than that of an optical member constituting the micro- 
lens array 5092. Hence, the condensing rate of light 
from the light source can be improved even further. 
The micro-lens array 5092 can be formed by injection 
moulding. Otherwise, a micro-lens array of refraction 
index distribution type can be employed. 

Figure 20 is a sectional view of a compact sized 
image display device of the present invention. In fig- 
ure 20. a driving circuit and a peripheral circuit etc. 
formed in the monocrystaliine silicon thin film layer. 
Liquid crystal 460 is sealed into a gap between a first 
transparent substrate 420 having a pixel array section 
and a second transparent substrate 430 having a 
common electrode. A display element composed of 
polarisers 440. 410 is provided on and under the first 
and second transparent sut>strates 420, 430 respec- 
tively. An EL light source element 300 and a transfor- 
mer 31 0, are provided inside a first seal substrate 480 
of a tightiy sealed type which is made of ceramic ma- 
terial and is fixed by a bonding agent. A connection 
lead electrode 490 is provided on the first seal sut>- 
strate 480. The connection lead electrode 490 is con- 
nected, for example, to an input terminal electrode of 
AL provided on the first transparent substrate 410 by 
wire bonding a thin gold line 470. The second seal 
substrate 500 for covering the first seal substrate 480 
is constructed such that a transparent substrate, such 
as plastic or glass, is held by an insulator 51 0 of plas- 
tic or ceramic materials. The first and second seal 
substrates 480, 500 tightiy seal the display elements 
and the light source elements 300 in an nitrogen at- 
mosphere by a seal agent 520. 

Figure 21 is a sectional view when a compact 
sized fluorescent lamp (FL light source element) 400 
is used as a light source element. The same numerals 
are given to the similar elements as those in figure 20, 
thus the same explanations are omitted. In figure 21, 
new features a metallic condenser plate 550, the FL 
light source element 400, a photoconductive plate 
530, and a reflector 540. The FL light source element 
400 is provided on lateral edge of the display element 
Radiated light from the FL light source element 400 is 
converged by the metallic condenser plate 550 and 
introduced to the photoconductive plate 530. Light 
conducted by the photoconductive plate 530 is re- 
flected by the reflector 540 to irradiate the display 
element. 

The embodiments of the present invention as de- 
scribed abov are not limited to the applications of 
view finders for 8 mm cameras, since they can equal- 
ly b appli d to home (r sidenc ) monitors for crime 
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prev ntion. or various monitors us d in industries, 
and other lik applications. 

Figure 22 is a s ctrona) view showing a mount 
structure of a stereoscopic image display device of 
the present invention. In figure 22, a display element 
comprises liquid crystal 2016 of electro-optic material 
sealed by a first transparent substrate 2401 and a 
second transparent substrate 2421. The display ele- 
ment is provided inside a casing 2402 formed of an in- 
sulator, such as ceramic material or plastic material, 
and fixed by a bonding agent 2415. The casing 2402 
is provided with an electrode lead 2403 for introducing 
a power supply voltage or required electric signals, 
and connected to the driving circuit and the other per- 
ipheral circuit formed on the first transparent sut>- 
strate 2401 by thin lines of Au wires. A lower portion 
of the fixed display element is composed of a light 
source element 2407, a photoconductive plate 2406 
for conducting incident light a reflector 2408 for re- 
flecting light, a light condenser plate 2420 for con- 
verging light, and a light source element parts f bced on 
a holding plate 2409 for holding these described. 

The display element is provided thereover with 
transparent cover materials 2413 made of glass or 
plastic material and a protecting frame 2412 formed 
of ceramic or plastic material holding the cover mate- 
rial 2413 and protecting the display device by cover- 
ing thereabove. The protecting frame 2412 is adhered 
by a tx>nding agent 2414 to protect the display ele- 
ment placed within the casing 2402. The light source 
element parts constitute a unitary structured display 
device of the display elements and the light source 
elements by fixing mount holes 2410 of the holding 
plate 2409 and mount holes 2405 of the casing 2402 
with screws 2411. The transparent cover material 
2413 uses any of transparent materials, but lenses 
made of plastic or ceramic can be used to optically en- 
large displays for better observation. 

Figures 23(A) to 23(C) are schematic views 
showing a basic construction of an IC package type 
monocrystalline semiconductor light valve element 
according to the present invention. Figure 23(A) is a 
perspective view, figure 23(B) a section view and fig- 
ure 23(C) a plan view. In figure 23(A), the element has 
an IC package construction of a light valve cell 4001 . 
connector terminals 4002, and a package member 
4003 which are unitarily formed. In the light valve cell 
4001, only the pixel array section thereof can be vis- 
ually observed from a window 4004, and the other 
portions are shielded by the package member 4003. 
The portions other than the pixel array section are 
completely moulded for shielding to prevent incident 
light into the peripheral circuit and to physically en- 
hance the inside light valve cell. The package menrv 
ber 4003 is made, for example, of a moulded resin 
product which may be black. Oth rwise, a c ramie 
mould product may also be used, and in this cas , th 
inside light valve c 114001 isadh red intoaunitshap 



by resin bonding. Th conn ctor t rminals 4002 are 
mad of a plurality of connector pins, and can easily 
be mount d on th circuit substrat by soldering tc. 
as in general IC device connector pins. 

5 As shown in the section view of figure 23(B), the 

light valve cell 4001 is composed of a pair of sut>- 
strates 4005, 4006 oppositely arranged to each other 
and at least either of which is transparent, and an 
electro-optic material 4007 arranged in a gap be- 

10 tween the sut>strates. The electro-optic material 4007 
can use. for example, liquid crystal or the like. The 
pixel array section and the peripheral circuit section 
for driving it are unitarily provided on an inside surface 
of the substrate 4006. The opposite electrode is pro- 

15 vided on an inside surface of another substrate 4005. 
A colour filter can be formed overlapped with the op- 
posite electrode depending on circumstances. The 
peripheral circuit section is integrally formed on the 
monocrystalline semiconductor layer provided on the 

20 electric insulation base member. The light valve cell 
having such a construction is hereinafter referred to 
as "a monocrystalline semiconductor type light valve 
cell". The light valve 4001 is completely enclosed by 
the package member 4003 to obtain a physically com- 

25 pact structure. The windows 4004 open on the upper 
and lower main surfaces of the package member 
4003 and are fit unitarily with protecting glass menr)- 
bers 4008 respectively. The connector terminals 
4002 have one end electrically connected to the per- 

30 ipheral circuit section of the light valve cell 4001 and 
another end protruding from the package member 
4003. 

As shown in plan view in figure 23(C), only a pixel 
array section 4009 of the light valve cell is exposed 

35 from the main surface of the package member 4003 
through the window 4004, and the peripheral circuit 
section is completely shielded from light. The pixel ar- 
ray section 4009 is covered by the protecting glass 
member 4008 as described to prevent the pixel array 

40 section from being damaged. The IC package type 
monocrystalline semiconductor light valve element, 
which may be integrated or solid, is thus very com- 
pact and has a high reliability. It is also easy to handle 
and has a simple mount structure. For example, the 

45 connector terminals 4002 are incorporated into a 
socket to simultaneously achieve mounting and elec- 
trical connection. 

Various, modification, of the IC package type 
monocrystalline semiconductor light valve element 

50 according to the present invention are now described 
with reference to figures 24 to 34. The basic construc- 
tion thereof is the same as the IC package type tight 
valve element shown in figures 23(A) to 23(C), and for 
easier understanding, corresponding parts are given 

55 the same reference numerals as those in figures 
23(A) to 23(C). In th construction in figure 24, th 
conn ctor terminal 4002 is provid d to protrude from 
th lateral nd surface of th packag member 4003 
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in parall I with the light valv cell 4001. Such a con- 
nector terminal arrangennent is suitable for direct as- 
sembly of th IC package type light valv lem ntinto 
a socket. The connector terminal 4002 includes a lead 
frame, one end of which Is electrically connected to 5 
the peripheral circuit section of the light valve cell 
4001 by wire bonding. In particular, it Is wire connect- 
ed to the take-out electrode (see 4054 in figures 1 2(A) 
to 12(E)) provided on an exposed surface of the sub- 
strate 4006 of the light valve cell 4001. The light valve io 
cell 4001 and the lead frame are made into a unitary 
shape to be set in a metallic die. Thus, the package 
Is completed by injection-moulding with mould resin 
which Is preferably black. 

In figure 25, the connector terminals 4002 are is 
provided intersecting orthogonally to the light valve 
cell 4001 and protruding from the main surface on a 
lower side of the package member 4003. One end of 
the connector terminals 4002 Is welded on the take- 
out electrode formed on the exposed surface of the 20 
substrate 4006 of the light valve cell 4001. This ar- 
rangement of the connector terminals is suitable, for 
example, for loading and soldering the package on 
the circuit substrate. As shown by dotted lines, the 
connector terminals 4002 can be provided protruding 25 
from the upper main surface of the package member 
4003 and not only from the lower main surface there- 
of. 

In figure 26, the package member 4003 has a 
thickness substantially equal to that of the light valve 30 
cell. The package member of this construction can 
thus be made even thinner compared to the construc- 
tion as formerly described. However in this construc- 
tion, the glass substrates 4005, 4006 of the light valve 
cell 4001 are exposed from the package member 35 
4003 and the protecting glass member is removed. 

In figure 27, the surface of the package member 
4003 is made uneven. The surface area accordingly, 
increases compared to the construction example for- 
merly described. The surface uneven ness is provided 40 
for the purpose of heat radiation. This advantageous- 
ly prevents deterioration of the light valve cell due to 
heat generated In the package. When assembling the 
IC package type light valve element into the image 
projector, the temperature rise in the package due to 45 
irradiation of an Intensive light from the light source 
can effectively be prevented. 

In figure 28, a cooling fin 4010 Is provided on an 
outer surface of the package member 4003. The cool- 
ing fin 4010 can be provided at the same time of in- so 
jection-moulding the package member 4003. An in- 
frared radiation filter 4011 for reducing heat rays is at- 
tached on the windows of the package member 4003 
Instead of the protecting glass member. The temper- 
ature rise Inside the package can more effectively be ss 
suppressed. 

In figure 29, the infrar d radiation filters 4011 ar 
laminat d on polariser 4012 resp ctlv ly which ar 



disposed apartfrom th substrates 4005, 4006 of the 
light valve cell 4001 . This pr vents conduction of ab- 
sorb dh atbyth infrared radiation filter 4011. 

In figure 30, the construction shown in figure 29 
Is Improved even further so as to considerably raise 
the cooling effect. Through holes 4013 are provided 
in the package member 4003 to form a path for cool- 
ant. The coolant is blasted by force with a fan 4014 
or the like, and passes through the through holes 
4013 to travel through a gap between the light valve 
cell 4001 and the polariser 4012 so as to be dis- 
charged. This enables the light valve ceil 4001 to be 
cooled using gas. 

In a coolant such as figures 31(a) and 31(B), the 
package member 4003 in figure 31(A) includes a re- 
cess portion 4015 releasably containing the light 
valve cell. In the construction example, only the con- 
nector terminals 4002 and the protecting glass menn- 
ber 4008 are previously unltarily moulded by resin to 
prepare the package member 4003. Electrode pads 

4016 for being connected to the connector terminals 
4002, are provided at predetermined positions of a 
stepwise portion In the recess portion 4015. In figure 
31(B), the light valve cell 4001 is fitted In the recess 
portion 4015 to complete the package with extreme 
ease. With the light va We cell 4001 Inserted, the take- 
out electrode provided on the substrate 4006 and the 
pads 4016 described above, contact each other to 
provide electrical connection. This construction, un- 
like the examples previously explained, is exchange- 
able like a cassette type because the package menv 
ber 4003 and the light valve cell 4001 are not made 
into a unitary shape obtained by adhesion or mould- 
ing. 

The construction In figure 32 is basically the 
same as that In figures. 31(A) and 31(B). In this ex- 
ample, the construction of the package member 4003 
Is more simplified. A light valve cell unit, which previ- 
ously was attached with the polariser or protecting 
glass or the like. Is Inserted, as It Is, Into the recess 
portion 4015. In this example, the light valve cell or 
the panel can be freely exchanged. When a light cell 
is used by writing previously therein display data, the 
device can be used as in a slide projector. 

Finally, an IC package construction is described. 
In which a monocrystalllne semiconductor light valve 
cell of an electrically addressed type and the light 
valve cell of an optically addressed type are unltarily 
assembled. For easier understanding of this con- 
struction, an optically addressed type light vafve cell 

4017 is explained referring to figure 33. The optically 
addressed type light valve cell 4107 has a flat panel 
structure In which liquid crystal 4171 is sandwiched 
between a pair of transparent substrates 4172 and 
4173. The liquid crystal 4171 can be a ferroelectric 
liquid crystal having a memory charact ristic. A write 
light is Incid ntonan ut r surface of th transparent 
substrat 4172. and a read light is incident on out r 



19 



35 



EP 0 593 266 A2 



36 



surface of th other transparent substrat 4173. Th 
inn r surface of the write-sid substrat 41 72 is lam- 
inat ds quentially wit ha transparent substrat 4174, 
a photoconductive fllnr) 4175, formed of amorphous 
silicon and the like, a dielectric mirror film 4176, an s 
alignmentfilm4177. On the inner surface of the read- 
side substrate 41 73 is formed sequentially a transpar- 
ent substrate 4178 and an alignment film 4179. The 
ferroelectric liquid crystal 4171 sandwiched by the 
alignment films 4177 and 4179 exhibits a bistable io 
state. Such bistable state can be switched by applying 
a voltage. 

The write light is irradiated whilst a predeter- 
mined voltage is applied to the pair of transparent 
electrodes 4174 and 4178. Then the resistance of the is 
photoconductive film 4175 varies locally and an effec- 
tive voltage exceeding a threshold value is applied to 
the ferroelectric liquid crystal 4171 to enable switch- 
ing to the stable state. In this way, image information 
is written into the ferroelectric liquid crystal 41 71. This 20 
optically addressed type light valve cell exhibits con- 
siderable high accuracy and has a resolution close to 
that of photography film. To read out the written image 
information, linearly polarised read light Is irradiated. 
The read light passes through the ferroelectric liquid 25 
crystal 4171 to be modulated and then is reflected by 
the dielectric mirror film 4176. This reflection light is 
detected as a change in light intensity by passing 
through the polariser (not shown). 

Figure 34 shows a package structure in which the 30 
above-mentioned optically addressed type light valve 
cell and the electrically addressed type monocrystal- 
line semiconductor light valve cell are assembled ad- 
jacent to each other. The optically addressed type 
light valve cell 401 7 is disposed sut>stantialty at a cen- 35 
tre portion of the package member 4003. The mono- 
crystalline semiconductor light valve cell 4001 Is ar- 
ranged at the read-side. One surface of the light valve 
cell 4001 is arranged thereon with a layer of the In- 
frared radiation cut filter 4011 and polariser 40 12, and 40 
the other surface is arranged thereon with another 
polariser 401 2. A beam splitter 4018 Is assembled on 
the read-side of the optically addressed type light 
valve cell 4017. The polarisers 4012 are attached on 
the read light input-side and the read light output-side 45 
of the beam splitter 401 8 respectively. 

The electrically addressed type light valve cell 
4001 and the optically addressed type light valve cell 
4017 are combined with each other to obtain various 
functions and advantages. For example, image infer- so 
mation can be written into the liquid crystal light valve 
cell 4017 through the monocrystalline semiconductor 
light valve cell 4001 by electric signals. When ferro- 
electric liquid crystal material is used for the liquid 
crystal light valve cell 4017, the liquid crystal light 55 
valve cell 4017 can op rat as a memory d vice. Al- 
though the light valve cell 4017 as a singi unit pro- 
vides only optical addressing, when combining it with 



th light valv eel 1-4001, th n lectrically addressing 
is available. In other words, control of the read light 
can b p rformed by lectric signals. The ferro lec- 
tric light valve cell 4017 can record image information 
even by a weak write light Therefore, a monocrystal- 
line semiconductor light valve cell 4001 arranged in 
front of it does not require durability for intensive light. 
In the construction in figure 34, when the intensity of 
the read light input is higher, light intensity amplifica- 
tion is available. Thus, it is advantageously applied to 
a compact type projector and the like. 

The image displayed on the monocrystalline 
semiconductor light valve cell 4001 is collated with 
the image recorded in the optically addressed type 
light valve cell 4017 to enable optical parallel process- 
ing. This therefore processes a large amount of infor- 
mation over a short time. Hence, such cells can be ap- 
plied to an optical computer. As hereinbefore descri- 
bed, the light valve cell using the ferroelectric liquid 
crystal has a considerable high accuracy, and to suf- 
ficiently utilise its capability, a highly precise panel as 
an electrically addressed type light valve cell is re- 
quired. Pixel size must be equal to or less than 5 to 
10 ^m. In this respect, the monocrystalline semicon- 
ductor type light valve cell 1 is the only device capable 
of satisfying such conditk>ns. In figure. 34, the liquid 
crystal light cell 4017 and the monocrystalline semi- 
conductor light valve cell 4001 are constructed with 
a single body type device. However, the monocrystal- 
line semiconductor light valve cell 4001 can be sepa- 
rated from the liquid crystal light valve cell 4017 by in- 
terposing a condensing lens. 

A projector light valve Including various cooling 
means is described as an example of the present in- 
vention referring to figures. 35 to 38. In figure 35, a 
cooling means includes an adiabatic container 5101 
containing a monocrystalline semiconductor type 
light valve 5100. The adiabatic container 5101 in- 
cludes an inlet port 5102 for introducing compressed 
gas and an outlet port 5103 for discharging depres- 
sured gas to effectively perform adiabatic expansion 
cooling. The compressed gas is supplied, for exam- 
ple, from a pump and the depressured gas is absor- 
bed through a vacuum system. 

In figure 36, the cooling means comprises fans 
5104 for blowing the cooling gas to the monocrystal- 
line semiconductor type light valve 5100. The fans 
5104 are provided on both-sides of the light valve 
5100 respectively to force the cooling gas toward the 
light valve 5100. Thus, blown cooling gas is intro- 
duced along guides 5105 to effectively cool both the 
upper and lower surfaces of the light valve 5100. 

In Figure 37, the cooling means comprises a con- 
tainer 51 06 contain ing t he I ig ht valve 5100 and a cool- 
ing system connected to the container 5106 and sup- 
plying cooling gas. Th cooling system is compos d 
of a pump 5107 and piping 5018 for introducing th 
cooling gas. Both ends of th piping 5108 are coupl d 
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to the contain r 5016, and function as an introducing 
port and a discharging port. Th discharging port- 
side of the piping 51 08 is attached with at mp ratur 
sensor 5109, and temperature control of the cooling 
gas is automatically performed by feedback control. 
For this temperature sensor 5109, for example, a 
Peltier element can be used. An amount of gas blown 
by the pump 5107 is controlled depending on an out- 
put of the temperature sensor 5109. 

Finally, the cooling means in figure 38, as in fig- 
ure 37, is composed of a container 5110 containing 
the light valve 5100 and a cooling system 5111 cou- 
pled to the container 5110 and supplying the cooling 
gas. The difference from that in figure 37 resides in 
that both the Introducing port and the discharging 
port of the cooling system 5111 are provided on one 
lateral surface of the container 5110. This construc- 
tion means that the cooling structure of the light valve 
5100 can be made compact 

Figure 39 is a schematic diagram showing a basic 
structure of a projector according to the present in- 
vention. 

The projector is composed of a light source sec- 
tion 5001 , a light valve 5002, and a projection optical 
system 5003. The light source unit 5001 includes a 
lamp 5004 and a reflector 5005, and lights the light 
valve 5002 through a condensing lens 5006. The pro- 
jection optical system 5003 includes an enlargement 
lens or the like, which enlarges the light passed 
through the light valve 5002 to project itforwardly and 
the image is displayed on a screen 5007. 

As hereinbefore fully described, the present in- 
vention enables the nrKtnocrystalline silicon semicon- 
ductor thin layer to be formed on the glass substrate, 
and so using fine semiconductor techniques, display 
elements can be constituted at a high density on the 
one substrate including not only the pixel electrodes, 
switching transistors, driving circuits, and peripheral 
circuits, but also the driving circuits and the bright 
source elements. Thus, the display elements and the 
light source elements are formed into one tightly 
sealed type unitary shape. Therefore, it is unneces- 
sary to mount the peripheral circuits and the driving 
circuits of light source elements on another circuit 
substrate. This means that there is a reduction in the 
number of connections across the circuits, an im- 
provement In reliability due to the tightly sealed con- 
struction, advantages of easier handling and the like, 
in addition to great improvements in cost reduction, 
miniaturisation and thinning. 

Thus, for the peripheral circuit section, the control 
circuit for generating timing signals, display data gen- 
erating circuit for generating display data, in addition 
to the driving circuit can be incorporated on one sut>- 
strate. Hence, an extremely highly accurate and high- 
sp ed d activ matrix typ imag display devic can 
b formed. 

Further according to th present invention, the 



peripheral circuits oth r than th driving circuits are 
arranged in a gap spac b twe nth driving lectro- 
des from each X and Y driving circuits. Thus, nabling 
greater down-sizing of the first substrate, an improve- 

5 ment in the number of pieces obtained from one wa- 
fer, and a reduction in cost and so forth. 

If the present invention is mounted In a device 
suitable for wearing such as a helmet or a hair band 
type for providing stereoscopic vision by both eyes, 

10 the stereoscopic image display device can be made 
wireless. The use of the present invention in this way, 
eliminates the problem of distance between the de- 
vice and the image signal source and so provides 
easier handling. Moreover, the display elements and 

15 the light source elements can be unitarily formed. 
Hence, it is unnecessary to mount the peripheral cir- 
cuits and the driving circuits for light source elements 
on other substrates, which brings about a reduction in 
the number of connections across the circuits, high 

20 reliability due to the tightly sealed construction, ad- 
vantages of easier handling and the like, in addition 
to great improvements in costs and greater miniatur- 
isation and thinning. 

For example, the monocrystalline semiconductor 

25 type image display device according to the present in- 
vention can directiy be connected to the outer CCD 
image pickup element, and so is suitable for the view 
finder of video cameras and the like. The X driving cir- 
cuits are arranged separately in upper and lower por- 

30 tions relative to the image array section. Thus, the 
transfer speed of shift clock signals for transferring 
display data is reduced by half so as to achieve a low- 
er power consumption. The X driving circuit converts 
digital display data into analogue display signals in an 

35 output stage to drive the image array section. There- 
by, the image can be reproduced with a high fidelity 
without attenuation of any signal component. The per- 
ipheral circuits section, such as the driving circuits, 
control circuits, and display data generating circuits 

40 are arranged at four edges of the substrate so as to 
surround the image array section at a centre portion. 
Moreover, the seal region is regulated on the periph- 
eral circuit portion surrounding the image array sec- 
tion so as to be overlapped therewith when viewed 

45 horizontally. Thus, a centre position of the image ar- 
ray section is substantially coincident to the centre 
position of the substrate to improve handling on con- 
struction and to enable miniaturisation and integra- 
tion. The features that enable the device to be devel- 

50 oped not only for view finders but also for various 
compact size monitors etc. 

According to the present invention, the mono- 
crystalline semiconductor type light valve cell, con- 
nector terminals, and package members are unitarily 

55 formed to produce an IC package construction. 
Thereby, the light valve cell can b compactiy mount- 
ed and produces suff ici nt physical str ngth. Electri- 
cal conn ction can be simplif i d by incorporating th 
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conn ctor terminals into sock ts etc. When th light 
valv cell is compi tely sealed by package nnemb rs, 
th r liability is Improved. Only the imag arrays c- 
tion of the light valve cell is exposed and the periph- 
eral circuit section is shielded by a package member, 5 
so that a substantially complete shield effect is ob- 
tained. A heat radiation means is provided on the 
packing member to produce a cooling effect. 

Further, the present Invention constitutes an im- 
age projector using the monocrystalline semiconduc- io 
tor type light valve. In the monocrystalline semicon- 
ductor type light valve, the image array section and 
peripheral circuit section can be arranged in a fin 
even more than compared with the active matrix type 
image display device which uses the conventional 15 
monocrystalline semiconductor thin film or amor- 
phous semiconductor thin film. Accordingly, an ex- 
tremely high accuracy of projection image can be ot>- 
tained. The light reflection material is used as a shield 
film for coating the circuit element region of the light 20 
valve to effectively suppress temperature rise of the 
light valve by partially reflecting light from the light 
source. The solar cell is formed into a unitary shape 
in the monocrystalline semiconductor layer to self- 
supply a power supply voltage to the light valve itself 25 
by utilising energy from the light source. The micro- 
lens array matching with the pixel section, is incorpo- 
rated to selectively condense the light from the light 
source only into the pixel section and to improve the 
brightness of the projection image and also to sup- 30 
press a temperature rise. Furthermore, the cooling 
means is added to the light valve to suppress a tem- 
perature rise caused by light irradiation from the light 
source. 



Claims 

1. A light valve device comprising: a first (1) and 

second (12) substrate having an electrooptical 40 
material (16) therebetween; a pbcel section.for- 
med on said first sut>strate and which includes an 
X electrode group (5), a Y electrode group (5) 
crossing the X electrode group, and a thin film 
transistor (9) and a pixel electrode (10) at each 45 
cross-section of the X electrode group and the Y 
electrode group; and a driving circuit section 
which includes an X electrode driving circuit (6) 
for supplying display data signals to the X elec- 
trode group, and a Y electrode driving circuit (8) so 
for supplying scanning signals to the Y electrode 
group, the electrooptic material forming a number 
of cells which are excited when the display data 
signals and the scanning signals selectively en- 
ergises the pixel electrode through the thin film 55 
transistor, charact rised by a monocrystalline 
thin film (2) form d on said first substrat and in 
that said driving circuit s ction is formed in th 



semiconductor monocrystallin thin film. 

2. A light valv device as claimed in Claim 1 , where- 
in a control circuit (4) is formed on the first sub- 
strate, and timing signals are output to the driving 
circuit from the control circuit. 

3. A light valve device as claimed in Claim 1 or 2, 
wherein a display data generating circuit (3) is 
formed on the first substrate, and the display 
data generating circuit inputs image signals to 
output display signals to the driving circuit sec- 
tion. 

4. A light valve device as claimed in Claim 3, where- 
in the display data generating circuit further com- 
prises a RGB conversion circuit, a synchronisa- 
tion separation circuit (26), and the control circuit, 

the RGB conversion circuit inputs the inv 
age signals to output RGB display signals to the 
driving circuit section, the synchronisation sepa- 
ration circuit outputs synchronisation signals to 
the control circuit, and the control circuit outputs 
timing signals to the driving circuit section. 

5. A light valve device as claimed in Claim 3 or 4, 
wherein the display data generating circuit fur- 
ther comprises an A/D conversion circuit (25), the 
A/D conversion circuit converts the image signals 
in the form of video signals into digital video sig- 
nals, 

the driving circuit section includes a D/A 
conversion circuit (1083), the D/A conversion cir- 
cuit converts digital display signals into analogue 
display data signals. 

6. A light valve device as claimed in any one of the 
preceding claims, wherein the driving circuit sec- 
tion includes two X electrode driving circuits, the 
two X electrode driving circuits are disposed on 
either side of the pixel section respectively on the 
first substrate. 

7. A light valve device as claimed in any one of the 
preceding claims, wherein the first substrate and 
the second substrate are adhered at a seal region 
which provides a gap between the two substrates 
with the electrooptic material sealed in the gap, 
and the seal region is formed so as to at least 
overlap the driving circuit section. 

8. A light valve device as claimed in any one of the 
preceding claims, wherein a light source element 
(2217) is formed on the back of the electrooptic 
cell, a light source element driving circuit (2216) 
for driving the light sourc I ment is formed on 
the first substrat , and intensity of light irradiat d 
on th electrooptic cell is control I d by th light 
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source I ment driving circuit 

9. A light valv d vice as claimed in any on of the 
preceding claims, wherein the electrooptic cell is 
integrally contained in a package section (4003) 5 
having connector terminals (4002) and a window 
(4004) which is formed on the package section 
corresponding to the pixel section of the electro- 
optic cell, and the connector terminals and the 
electrooptic cell are electrically connected to io 
each other. 

1 0. A light valve device as claimed in claim 9, wherein 
the package section is formed of a non-light- 
penetrating material, the window section is is 
formed of a light-penetrafa'ng material, and the 
driving circuit section on the first substrate is 
formed on a peripheral portion of the electrooptic 

celt and shielded by the package section. 

20 

11. A light valve device as claimed in claim 10, where- 
in the window section is mounted with an infrared 
ray filter for cutting off infrared ray. 

12. A light valve device as claimed in any one of 25 
claims 9, 10 or 11, wherein the package section 
includes cooling means In the form of fins (4010) 

on its outer surface or through holes (4013) 
through which coolant flows in and out for cooling 
the electrooptic cell. so 

13. A light valve device as claimed in any one of the 
preceding claims, wherein a micro-lens array 
(5092) is disposed in an outer portion of the elec- 
trooptic cell. 35 

14. Alight valve device as claimed in claim 13, where- 
in the micro-lens array comprises a number of mi- 
cro-lenses (5096) each disposed corresponding 

to a respective pixel electrode of the pixel section, 40 
and incident light is converged by the micro-lens 
to irradiate on the pixel electrode. 

15. Alight valve device as claimed in claim 14. where- 
in the micro-lens array is adhesively fixed to the 45 
electrooptic cell by a transparent bonding agent 
(5098), a refractive index of the transparent bond- 
ing agent is smaller than that of the micro-lens ar- 
ray. 

50 

16. A light valve device as claimed in any one of the 
preceding claims, wherein the light valve device 
further comprises an optically addressed type 
light valve cell so that light irradiated on the elec- 
trooptic cell displays an image which is projected 55 
on the optically address d typ light valv cell, 

and th proj cted image is stored in the optically 
address d typ light valv cell. 



1 7. A I ight valv d vice as claimed in claim 1 6, where- 
in f rro lectric liquid crystal is sandwiched by a 
pair of transpar nt substrat s in the optically ad- 
dressed type light valve cell; on an inner surface 
of at least one transparent substrate are formed 
a transparent electrode layer, a photoconductive 
film, a dielectric mirror layer, and an alignment 
film for aligning the ferroelectric liquid crystals 
sequentially from the substrate surface; and on 
an inner surface of the other substrate are 
formed, a transparent electrode layer and an 
alignment film sequentially from the substrate 
surface. 

18. A binocular stereoscopic image display device, 
comprising a light valve device as claimed in any 
one of the preceding claims in which the X elec- 
trode groups are latticed so that adjacent electro- 
des are from different groups. 

19. An image projector comprising: a light source 
(5004), a projection optical system (5003); and a 
light valve device as claimed in any one of the 
claims 1 to 17. 
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